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1.0 INTRODUCTION

This Health and Safety Plan attached as Appendix D of Exhibit A

to the Consent Decree for the Environmental Conservation and

Chemical Corporation (ECC) contains the procedures that are

necessary to protect on-site personnel and the general public

during the remediation at the ECC site (Zionsville, Indiana).

The objective of this Plan is to provide safety procedures to be

followed during the implementation of the remedial action plan to

establish emergenc - response procedures for extraordinary

conditions that may ^ur. Guidelines for these procedures are

based on an analysis site specific potential hazards and the

appropriate protective measures to mitigate these hazards. If

hazards arise which are not covered in this Plan, the Plan will

be ammended. The health and safety procedures presented in this

plan are in accordance with the appropriate requirements of the

U.S. Department of Labor, Occupational Safety and Health

Administration (OSHA), and the U.S. Environmental Protection

Agency (USEPA).

Operations during Remedial Action will comply with OSHA 29 CFR

1910.120 and with the applicable subparts of OSHA 29 CFR 1926

(Construction Industry Standards) and OSHA 29 CFR 1910 (General

Industry Standards). All drilling operations will comply with

standard procedures for safe operation and movement of a drill

rig.
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2.0 GENERAL INFORMATION

The following section provides project personnel with the names

and responsibilities of designated safety personnel, emergency

telephone numbers, and the address of and evacuation route to the

nearest hospital.

2.1 Project Safety Officer

The Project Safety Officer (PSO) is responsible for the c 11 y

supervision of all safety, decontamination, and environmental

monitoring activities.

Besides assuring that all project personnel comply with the

provisions of this Health and Safety Plan during the site

investigations, the PSO also has the authority to stop work in

the event of an emergency, to start work following any stoppage,

and to approve any : edifications to the Health and Safety Plan

requirements warranted by field conditions.

2.2 Emergency Agencies

The following emergency telephone numbers will be recorded in all

field log books and will be posted at the field office and

decontamination facilities:
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AGENCY TELEPHONE NUMBER

Emergency

Government XXX-XXXX

Ambulance Service 873-5967

Fire Department 873-5967

Police Department 482-1412

St. Vincent Hospital 871-2345

Boone County Health Department 482-3942

Poison Control Center (800) 442-4571

The evacuation route to St. Vincent Hospital, shown on Figure 2-

1, will be posted at the field office and decontamination

facilities. The hospital, local fire department and local police

departments will be contacted under the direction of the PSO

prior to initiating the site investigations.
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2.3 Key Project Personnel

The following personnel will have the primary responsibility of

ensuring conformance to the Health and Safety Plan:

TITLE NAME AFFILIATION PHONE NUMBER

Project Manager XXXXXXXXX Contractor XXX-XXX-XXXX

Project Safety
Officer

Back-Up Project
Safetv Officer

XXXXXXXXXX

XXXXXXXXXX

Contractor

Contractor

XXX-XXX-XXXX

XXX-XXX-XXXX
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3.0 NATURE OF POTENTIAL HAZARDS

3.1 Chemical Hazards

Previous site investigations have indicated the presence of

chlorinated and non-chlorinated volatile organic compounds in the

ground water below the ECC site. These compounds include, but

are not limited to, trichloroethane, trichloroethylene,

perchloroethylene, chloroform and methylene chloride.

Since most of the contaminants detected on-site have relatively

high vapor pressures, the primary exposure pathway during f Id

activities will be via the inhalation of organic vapors. A ,

all intrusive field activities (e.g., trenching, soil bori.,3,

monitor well installr on, soil sampling, ground water sampling,

etc.) will have a potential dermal contact exposure pathway. The

ingestion of contaminants is not likely if normal precautions

concerning personal hygiene are followed.

Table 3-1 summarizes the primary contaminants detected during

previous site investigations and their corresponding threshold

limit values for inhalation (TLVs). These threshold limits are

based on standards reported by the American Conference of

Governmental Industrial Hygienists (ACGIH). The table also

contains a summary of dermal toxicity data, obtained from USEPA's

"Standard Operating Safety Guidelines," and health hazard data as

found in the National Institute for Occupational Safety and

Health, "Pocket Guide to Chemical Hazards."



TABLE 3-1

SUMMARY OF EXPOSURE LIMITS AND TOXICITY DATA

Dermal Contact Pathway

Primary Substances

Detected in Previous

Site Investigations

Inhalation Pathway

Threshold Limit Value

8 Hr. Exposure (ppnQ

Skin Penetration

(S)light

(M)oderate

(H)igh

Local Toxicity*

(S)light Hazard

(M)oderate Hazard

(E)xtreme Hazard

Systemic Toxicity*

(S)light Hazard

(M)oderate Hazard

CE)xtreme Hazard

Chloroform
Hethylene Chloride
Perchloroethylene
Trichloroethylene
1-1-1 Trichloroethane

10
SO
50
50
3SO

H
H
H
H
H

*Dermal Toxicity Key

Local Toxicity:

Slight - Reddening
Moderate - Irritation/Inflammation
Extreme - Tissue Destruction

Systemic Toxocity:

Slight - LD5Q
Moderate - LD
Extreme - LD50

500-15,000 dig/kg
50-500 mg/kg
1-50 mg/kg



TABLE 3-1 (cont'd)

SUMMARY OF EXPOSURE LIMITS AND TOXICITY DATA

Primary Substances

Detected in Previous IDLH/PEL-

S i t e I n v e s t i g a t i o n s 8- HR . TUA Symptoms

C h e • i c a I

Propert i cs F i r s t A i d

H e t h y l e n e C h l o r i d e Carcinogen/ F a t i g u e , sleepiness, F P :

100 ppm l i t e h e a d , eye/nose/throat L E L :

i r r i t a n t , nausea, v e r t i g o IP:

dizziness, i n c o o r d i n a t i o n ,

worsens an g i n a

? s k i n , eyes, central

12X nervous system,

11.35eV c a r d i o v a s c u l a r system

Eye: i r r i g a t e i m m e d i a t e l y

Skin: soap wash p r o m p t l y

B r e a t h : a r t i f i c i a l r e s p i r a t i o n

S w a l l o w : i m m e d i a t e m e d i c a l a t t n

C h l o r o f o r m Carcinogen/ dizziness, mental dullness,

10 ppm nausea, headache, f a t i g u e ,

a n e s t h i t i c , hepatomogaly, IP: 8 . 8 2 e V

eye, skin i r r i t a t i o n

nervousness, muscle f a t i g u e ,

i n s o m n i a , paresthesia,

d e r m a t i t i s , photophobia

1 - 1 - 1 T r i c h I o r o e t h a n e 1,000 ppm, central nervous system,

350 ppm depressant, skin and eye

i r r i t a t i o n , drowsiness,

poor e q u i l i b r i u m ,

headache

T r i c h l o r o e t h y l e n e

P e r c h l o r o e t h y l e n e

Carcinogen/ headache, v e r t i g o , v i s u a l

100 ppm distrubance, tremors,

somnolence, nausea,

v o m i t i n g , e y e i r r i t a n t ,

d e r m a t i t i s , c a r d i a c

a r r h y t h m i a s , paresthesia

Carcinogen/ eye i r r i t a n t

300 ppm

FP: None

LEL: 7X

FP: None

LEL: 11X

IP: 9.

Not

Combust i bIe

IP:8.56eV

l i v e r , kidneys, skin,

h e a r t , eyes

Eye: i r r i g a t e i m m e d i a t e l y

Skin: soap wash p r o m p t l y

B r e a t h : a r t i f i c i a l r e s p i r a t i o n

S h a l l o w : i m m e d i a t e m e d i c a l a t t n

skin, central nervous Eye: i r r i g a t e i m m e d i a t e l y

system, c a r d i o v a s c u l a r Skin: soap wash p r o m p t l y

system Breath: a r t i f i c a l r e s p i r a t i o n

S w a l l o w : i m m e d i a t e m e d i c a l a t t n

r e s p i r a t o r y system, Eye: i r r i g a t e i m m e d i a t e l y

h e a r t , l i v e r , kidneys, Skin: soap wash p r o m p t l y

central nervous B r e a t h : a r t i f i c i a l r e s p i r a t i o n

system, skin S w a l l o w : i m m e d i a t e m e d i c a l a t t n

Eye: i r r i g a t e i m m e d i a t e l y

Skin: soap wash p r o m p t l y

B r e a t h : a r t i f i c i a l r e s p i r a t i o n

S w a l l o w : i m m e d i a t e m e d i c a l a t t n

FP: F l a s h P o i n t

L E L : Lower E x p l o s i v e L i m i t i n a i r ,

I P : l o n i z a t i o n P o t e n t i a l

by voIume
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Of the primary substances detected in previous site

investigations, the lowest threshold limit value for an eight-

hour exposure is 10 ppm. Therefore, if air monitoring during the

.'site investigation indicates an organic vapor concentration

between background level and 5 ppm above background, Level C

respiratory protection (air purifying respirators) will be

required. If average organic vapor concentrations exceed 5 ppm

above background level, the exclusion zone will be evacuated, and

all personnel will rendezvous in the support zone. A decision

will be made as to how to proceed following discussion with the

PSO. The available data show a moderate level of dermal

toxicity; therefore, chemical resistant gloves (e.g., neoprene or

nitryl) will be required for any task in which dermal contact

with contaminated materials is possible.

In addition to the inhalation and dermal pathways, other exposure

pathways are potential hazards to on-site personnel. Alth.-.-. jh

they are less hazardous than the inhalation and dermal contact

routes, precautions should be taken to avoid the following

potential exposure pathways:

o Ingestion of contaminated ground water.

o Ingestion of contaminated surface soils.

o Eye contact with any contaminated materials.
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To mitigate these potential hazards, a thorough program of

personnel decontamination and hygiene will be maintained during

the site investigations. Also, splash protection (e.g., goggles,

neoprene boots, and chemical resistant gloves) will be utilized.

during the sampling or handling of any contaminated liquids.

Details on personal protective equipment and procedures are

provided in Section 8 of the Health and Safety Plan. Specific

steps for decontamination of equipment are included in Section 7

of the Health and Safety Plan.

3.2 Physical Hazards

The primary physical hazards associated with the site are heat

stress and cold weather exposure. Other potential physical

hazards to on-site personnel include falling, tripping, slipping,

or excessive noise.

Heat stress may be of concern depending on the ambient

temperature and type of protective clothing required during the

site investigation. Impermeable protective clothing, such as

chemical resistant Tyvek coveralls, will reduce the body's

ability to dissipate heat, thus increasing the chance of heat

related problems.

Heat exhaustion is a response to heat characterized by fatigue,

weakness, and collapse due to intake of water inadequate to

compensate for loss of fluids through sweating. Heat stroke is a

response to heat characterized by extremely high body temperature

and disturbance of the sweating mechanism. Heat stroke is an



Environmental Conservation and
Chemical Corporation Site;

Health and Safety Plan
Revision: 0

March 1, 1989
Page 3-4

immediate, life-threatening emergency for which medical care is

urgently needed.

One or more of the following control measures will be used to

control heat stress:

o Employees will be informed of the symptoms of

heat stress and heat exhaustion.

o An adequate supply of cold water or a

commercial saltwater solution mix, such as

Gatorade, will be provided to all employees.

o Employees involved in work tasks requiring

the use of impermeable clothing will be

required to take periodic breaks. The

frequency of breaks is dependent on the

temperature.

o All breaks will be taken in a shaded rest

area where employees will be required to

remove impermeable protective garments during

rest periods.

o All employees will be informed of the

importance of adequate rest, replacement of

lost body fluids, and proper diet to prevent

heat stress.
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If the project extends into the winter months, cold weather

exposure could become an occupational stress that needs to be

addressed. Several factors influence the development of a cold

weather related injury: (1) ambient temperature, (2) wind

velocity, and (3) the presence of moisture. The following

precautions will be used to avoid potential frost-bite injuries

or hypothermia during the site investigations:

o Cold weather exposure hazards will be

discussed during the safety training program

covered prior to initiation of the field

activities.

o Thermal socks, thermal underwear, hard hat

liners, or other cold weather gear will be

provided to employees.

o Periodic breaks will be required during cold

weather field activities, with warm drinks

provided.

o Employees who become wet from perspiration or

precipitation will be instructed to return to

the hotel for a change of clothes.
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There is a small risk associated with injuries resulting from

falls, tripping over tools or equipment, slipping on wet

surfaces, or exposure to noise in excess of acceptable limits,.

Field personnel will be made cognizant of the fact that

protective apparel and equipment may limit visibility, hearing,

and manual dexterity. This will increase the physical hazards of

certain field activities. Specific precautions to prevent

injuries related to physical hazards are covered in the general

work procedures presented in Section 4 of the Health and Safety

Plan.
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4.0 GENERAL WORK PROCEDURES

This section presents an overview of the health and safety issues

associated with the general work procedures for the

of the ECC.

4.1 Supervision and Audits of Safety Procedures

All field work completed under the alternative remedial action

plan will be audited by the Project Safety Officer (PSO) to

ensure compliance with the Health and Safety Plan. The PSO will

specify the level of protective clothing for field personnel

involved in the site investigation activities, as outlined in

Section 8 of this plan. The PSO will also be responsible for all

air monitoring required to determine which level of respiratory

protection is needed for specific field activities.

In the event of an accident, exposure to contamination, or other

e-.mergency, the PSO will stop work and determine the appropriate

response actions. Field personnel will be instructed to

immediately leave the area, and to remain in their protective

gear. Injured personnel will be removed from the immediate

hazard. Normal evacuation routes will be established by the PSO

prior to initiating the field activities.
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4.2 Site Control and Work Zones

Site control and the delineation of specific work zones are

necessary to reduce the possibility of exposure to site

contamination without proper personal protective gear and to

prevent removal of contaminants by personnel or equipment leaving

contaminated areas of the site. The possibility of exposure or

trans-location of site contaminants will be reduced by

establishing three contiguous zones as follows:

Zone 1: Exclusion Zone

The exclusion zone will encompass all potentially

contaminated areas within the site. The exclusion zone

will encompass all potentially contaminated areas

within the established remedial boundaries (Figure 2-3-

Exhibit A) . The location of the exclusive zone will

be established at the commencement of field activities

and modified as necessary during the Remedial Action.

However, as site investigation activities progress, the

exclusion zone may be modified by the PSO due to such

factors as site topography, high vapors or particulate.-

in the air, and soil and water sample analytical

results from the investigation. All personnel entering

the exclusion zone must wear the level of protection

specified by the PSO. An entry and exit checkpoint

will be established at the periphery of the exclusion

zone to regulate the flow of personnel and equipment
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into and out of the zone and to verify that procedures

established to enter and exit are followed. During

drilling operations, the exclusion zone will include,

as a minimum, a 35-foot radius around the drill rig.

The exclusion zone will be established at the

commencement of field activities.

Zone 2: Contamination Reduction Zone

A contamination reduction zone will be established

adjacent to the exclusion zone checkpoint to provide a

transition between contaminated and clean areas.

Protective gear worn by personnel will be cleaned and

removed in Zone 2, prior to entering a clean area. All

decontamination facilities for personnel and equipment

will be located within this zone.

Zone 3: Support Zone

A support zone will be established in a non-

contaminated or clean area at the periphery of the

site. Support facilities (e.g., office, equipment

storage, sample storage, etc.) will be located in this

zone. Since normal work clothes are appropriate within

the support zone, protective gear that has not been

decontaminated will not be allowed in Zone 3.
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The PSO will be responsible for delineating and controlling

access to work zones at the site. Stakes and caution tape or

flagging will be placed between the zones. Additionally, the

level of protection required in the exclusion zone may be

modified by the PSO.

4.3 General Work Rules for Field Activities

The following is a list of general safety rules to be followed by

all personnel involved in field activities at the ECC site:

o Contaminated protective equipment (e.g.,

respirators, boots, gloves, etc.) shall not

be removed from the exclusion zone until it

has been cleaned or properly packaged and

labeled.

o Legible precautionary labels shall be affixed

to containers holding waste, debris, or

disposable protective clothing.

o Eating, drinking, or smoking will not be

allowed within the exclusion or contamination

reduction zones.

o Transportation and disposal of contaminated

residuals from site activities shall comply

with all applicable local, state, and federal

regulations. These items will be addressed

by the transporter and disposal facility.
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Emergency equipment shall be placed in

readily accessible locations within the

support zone.

Employees will be required to wash their

hands and face before eating, drinking, or

smoking.

Decontamination facilities and areas used to

store contaminated residues will be designed

with containment berms and will be lined with

an impermeable material.

Portable eye-wash units will be placed not

more than 100 feet from the hazard. Other

emergency equipment will be located in the

support zone or the exclusion zone dependent

on the type of hazard and operation.

Field personnel shall avoid excessive contact

with potentially contaminated substances

(e.g., avoid walking through puddles,

kneeling on the ground, leaning against

drums, etc.).

Field monitoring equipment shall not be

placed on potentially contaminated surfaces.
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o Field personnel will be trained to recognize

the signs and adverse effects of exposure to

hazardous substances present on site.

o Field personnel will employ the "buddy

system" when working in the exclusion and

decontamination zones.



Environmental Conservat-- . i
Chemical Corporation iite

Health and Safety Plan
Revision: 0

March 1, 1989
Page: 5-1

5.0 SAFETY TRAINING

All personnel will be required to: 1) have completed a 40-hour

training course as stated in 29 CFR 1910.120, 2) participate in

8-hour annual retraining courses as specified in 29 CFR 1910.120,

and 3) must attend a site safety training program. The content

of this program, which will include instructions concerning

possible hazards, is outlined below:

1. Introduction to the hazardous materials

previously identified at the site

a. Definition of hazardous materials

b. Classification of hazardous

materials

c. Potential for ignitability,

corrosivity, reactivity, and/or

toxicity

2. Toxicology impacts of possible contaminants

a. Expected exposure levels

b. Routes of probable exposure

o Respiratory tract

o Dermal penetration
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c. Expected toxic effects

d. ACGIH threshold limit levels

e. Carcinogens

3. Safety planning and principles to be used on

the job site

a. Emergency medical care and

treatment

b. General safety practices

c. Emergeny telephone numbers

d. On-site communications

4. Respiratory protection level used on site

a. General principle

b. Potential hazards

c. Protective measures provided by air

monitoring

d. Response (evacuation) requirements

in presence of abnormally high

volatile organics in ambient air
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5. Protective clothing requirements

a. Level of protection

b. Articles of protective clothing

c. Purpose of each article of

protective clothing

d. Proper use of protective clothing

6. Decontamination

a . C o n c e r n r e g a r d i n g p r o p e r

decontamination

b. Extent of decontamination required

c. Personnel decontamination under

normal conditions

d. Personnel decontamination during

medical emergencies

e. Decontamination of equipment

f. Disposal of contaminated materials
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Field personnel will be required to sign a certificate at the

conclusion of the training program stating that they understand

and will abide by the provisions found in this Plan.



Environmental Conserati .:-. and
Chemical Corporation Site

Health and Safety Plan
Revision: 0

March 1, 1989
Page: 6-1

6.0 ENVIRONMENTAL MONITORING PROGRAM

Based on results from previous site investigations conducted by

CH2M Hill the primary contaminants present at the site are

volatile organic compounds. Therefore, environmental monitoring

during field activities will be limited to measurements of

organic vapor concentrations of the ambient air in the immediate

vicinity and downwind of sampling or work areas. An HNu model

PI-101 photoionization meter with a 11.7 eV lamp will be used to

conduct this ambient air monitoring. Frequent calibration of the

HNu meter will be made to ensure that readings are accurate.

Ambient air monitoring will be conducted prior to and during all

field activities that involve

Results will be recorded in the PSO's field log book and will be

used to specify the level of the respiratory protection required

for each specific field activity.

Organic vapor readings will also be obtained at the selected

perimeter locations that are downwind of the field activitit

assess the effect of these activities on the surrounding area.

The results of these readings will also be recorded in the PSO's

field log book. Portable wind direction/speed indicators will be

used to determine wind direction on site.
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7.0 DECONTAMINATION PROCEDURES

Decontamination of equipment and personnel will be performed to

extend the useful life of safety equipment, to prevent cross

contamination of samples, and to prevent worker exposure to

hazardous substances. All decontamination activities will be

carried out within the contamination reduction zone, and any

residuals generated (i.e., decontamination water, disposable

gloves, disposable Tyvek suits, etc.) will be placed in secure

containers for disposal in accordance with local, state, and

federal regulations.

7.1 Equipment Decontamination

Equipment and sampling tools will be decontaminated by steam

cleaning to remove any encrusted materials or residual

contamination. Sampling tools (e.g., split spoon samplers, hand

augers, soil gas probes, etc.) will be determined as follows:

1. Steam clean or detergent (TSP or Alconox)

wash.

2. Rinse with methanol or acetone.

3. Triple rinse with distilled water.

A decontamination pad will be established by constructing a sand

berm around a small excavated area and placing a thick-walled

plastic liner over the entire bermed area. This area will be

pitched to one end to allow the drainage and accumulation of
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decontamination washwaters that will be subsequently removed with

a wet vacuum or positive displacement pump and placed in 55-

gallon drums. All steam cleaning, washing, and rinsing

procedures will be conducted within this decontamination pad.

7.2 Personnel Decontamination

Personnel decontamination will consist of soap and water washings

to remove contaminants from reusable protective gear (i.e.,

neoprene boots, chemical resistant gloves, full-faced

respirators) and doffing of the gear. Disposable protective

apparel will be doffed in such a manner to prevent the spread of

contaminant to other clothing (i.e., remove gloves by turning

them inside out). The general sequence of decontamination and

doffing of protective apparel is described below. The extent of

washing required or modifications to the sequence will be

specified by the PSO.

The detailed procedure for personnel decontamination will depend

on the level of respiratory and dermal protection required for

the specific work task. The following procedure is based on

Level C respiratory protection (air purifying respirators) and

full splash protection:

1. Wash and rinse over boots.

2. Wash and rinse chemical resistant outer

gloves.

3. Remove chemical resistant outer gloves.
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4. Remove chemical resistant overboots.

5. Remove hard hat and full-faced respirator.

6. Wash and rinse full-faced respirator.

7. Doff disposable chemical resistant coveralls

and place in plastic bag.

8. Doff disposable inner glove and place in

plastic bag.

9. Wash hands and face.

Several of the foregoing steps will not be required if lesser

degrees of respiratory or dermal protection are worn by field

personnel. The PSO has the authority to change the number and

order of decontamination steps listed above.
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8.0 PERSONNEL PROTECTIVE EQUIPMENT

The type of protective equipment required is dependent on the

nature and location of the work being performed. All activities

in the support zone will be performed under Level D protection,

as described in the USEPA "Standard Operating Safety Guidelines."

All personnel on-site and all visitors to the site will be

required to sign a personnel log sheet each day they are at the

site. This sheet is included as Figure 8-1. The PSO will ensure

that the personnel log sheet is properly completed.

8.1 Respiratory Protection

If the HNu meter indicates an average reading above background

levels and less than 5 Vppm above background, during the field

investigation, Level C respiratory protection will be required.

Level C protection includes full-faced air purifying respirators

equipped with combination cartridges for removing organic vapors,

dusts, mists, and fumes. All workers will abide by the

requirements of their employer's respiratory protection program

prepared in accordance with 29 CFR 1910.134. The following

guidelines will be followed when using Level C respiratory

protection:

o Air purifying cartridges will be replaced at

the end of each shift or when a break through

occurs.



FIGURE 8-1

PERSONNEL LOG SHEET

ECC SITE

DATE

PSO Signature Affiliation Time In Time Out

SIGNATURE AFFILIATION
TIME TIME TRAINED IN ACCORDANCE
IN OUT WITH 29 CFR 1910.120?
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o Only employees who have had a pre-issue

qualitative fit test will be allowed to work

under Level C respiratory protection.

o Only employees who have passed a medical

examination, including a pulmonary function

test will be allowed to use Level C

respiratory protection.

o Excessive facial hair (e.g. beards) that

prohibits a proper seal between the

respirator and face will not be allowed.

Level C respiratory protection will be required for any sampling

of waste residuals in tanks or containers, regardless of the HNu

readings.

8.2 Dermal Protection/Protective Clothing

The following protective clothing and equipment shall be worn by

any personnel entering the exclusion zone or contamination

reduction zone:

o Hard hat

o Disposable Tyvek coveralls

o Disposable PVC gloves
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o Neoprene boots with steel toe and shank and

overboots

Any work involving an intrusive activity (e.g., soil sampling,,

monitor well installation, etc.) or any activity involving the

handling of contaminated liquids will require the following

protective clothing:

o Hard hat

o Safety goggles (unless full-faced respirators

are required)

o Disposable Tyvek coveralls

o Disposable PVC inner gloves

o Chemical resistant outer gloves

o Neoprene boots with steel toe and shank and

overboots

o Sleeves taped to gloves and cuffs taped to

boots during handling of contaminated liquids

Upgrading or downgrading protective equipment will be the

decision of the PSO, and will be based on an assessment of the

exposure potential.



Enviornmental Conservation and
Chemical Corporation Site

Health and Safety Plan
Revision: 0

March 1, 1989
Page: 9-1

9.0 EMERGENCY PROCEDURES

The Health and Safety Plan has been established to allow site

operations to be conducted without adverse effects on work . or

health and safety. In addition, emergency response procedures

have been developed to cover extraordinary conditions that may

occur at the site. A large scale map of the work site showing

the locations of the work zones, site features (buildings,

drainages, etc.), and any unusual topographic features will be

submitted.

9.1 Worker Injury

If an employee working in a contaminated area is physically

injured, general first-aid procedures will be followed. The

following emergency equipment will be located onsite: Self-

contained Breathing Apparatus (SCBAs), first aid kit, fire

extinguisher, eye-wash unit, and emergency air horns. If workers

will be located in a secluded area, 2-way radio equipment will be

used for communication between workers and support personnel.

Depending on the severity of the injury, emergency medical

attention may be sought. If the employee can be moved, he or she

will be taken to the support zone. Decontamination procedures,

additional first aid, or preparation for transportation will be

performed in this zone.
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If the injury to the worker is chemical in nature, the followincf

first-aid procedures will be instituted:

o Eye Exposure - If contaminated materials

enter a worker's eyes, they will be flushed

with water for 15 minutes and medical

attention will be sought immediately.

o Skin Exposure - If skin irritation results

from dermal contact with contaminated

materials, the affected area will be washed

with a mild soap or detergent and rinsed with

'water for at least five minutes. Medical

attention will be sought if irritation in the

effected area persists.

9.2 Fires

If a localized fire breaks out, dry chemical fire extinguishers

will be used to bring the fire under control. If necessary and

feasible, soil or other inert material will be placed on the

burning area to extinguish the fire. If appropriate, local fire

fighting authorities will be contacted for notification and/or

assistance.

If an uncontrolled fire develops, that may release potentially

toxic gases, all persons in the immediate vicinity will be

evacuated. The local fire department will be contacted

immediately and notified of the fire and materials involved.
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Evacuation of local residents, if required, will be the

responsibility of local law enforcement.

9.3 Spills

In the event of a significant spill at the site, the affected

area will be isolated from local traffic patterns by the PSO.

Spilled solids will be removed and loaded into 55-gallon drums

for subsequent disposal. Liquid spills will be solidified with

absorbent material and loaded into 55-gallon drums for subsequent

disposal. Transportation and disposal of any spill clean-up

residual will be in accordance with all local, state, and federal

requirements.

9.4 Evacuation Plan

If a site emergency necessitates evacuating field personnel, the

PSO will notify the field team leader and the appropriate sign;

(three blasts on an emergency air horn) for site evacuation wi

be given. All available vehicles located outside the exclusi<

zone will be used in evacuation. All personnel will exit tl~

site and meet at a nearby rendezvous point. The PSO will be

responsible for ensuring that all personnel have been evacuated.

The route to and location of this point will be given to all

field personnel and will be posted at the site. The evacuation

route within the site will depend on which direction affords the

most direct route away from the hazard necessitating the

evacuation.
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The visitor log will be used to ensure that all individuals are

accounted for. The local police or emergency coordinators will

be notified of the emergency and the suspected impact on the

local community. Local evacuation, if required, will be the

responsibility of law enforcement. Contacts with local officials

will be maintained until the situation is abated.
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1.0 PROJECT DESCRIPTION

1.1 Introduction

The Environmental Conservation and Chemical Corporation (ECC)

Remedial Action activities will include:

o Soil vapor extraction, concentration and

destruction.

o Soil cover.

o Access restrictions.

o Ground water monitoring and surface water

monitoring.

1.2 Site Description

The ECC site is located in Boone County, approximately 10 miles

northwest of Indianapolis, on US Highway 41 in Zionsville,

Indiana (Figure 1-1). The site occupies 6.5 acres west of the

Northside Sanitary Landfill (NSL), an operating solid waste

disposal facility. The ECC site is bounded on the south and east,

by NSL landfill property. An unnamed ditch separates the two

facilities along the east boundary.
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ECC began operations at the site in 1977 and was engaged in the

recovery, reclamation, and brokering of primary solvents, oils

and other wastes. Waste products were received in drums and bulk

tankers and prepared for subsequent reclamation or disposal.

Reclamation processes included distillation, evaporation and

fractionation to reclaim solvents and oil.

USEPA investigations into accumulation of contaminated storm

water on-site, improper drum inventory, and several spill

incidents lead to civil law suits, and finally placement of ECC

into receivership in July, 1981. Drum shipments to the site were

halted in February, 1982. Surface clean-up activities conducted

by USEPA contractors during 1983 and 1984 included removal of

cooling pond waters, waste drums, tank waste, contaminated soil,

and cooling pond sludge.

A Remedial Investigation/Feasibility Study was conducted by CH2M-

Hill for the USEPA and the Record of Decision (ROD) for the site

was published on September 25, 1987.

1.3 Remedial Action Plan

Details of the remedial action for the ECC site are presented in

this Exhibit A to the Consent Decree for the ECC site and are

summarized below.

The Remedial Action Plan (RAP) addresses, in a technically

feasible and cost-effective manner, all environmental concerns

regarding the site, namely:
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o Direct contact with soils containing volatile

organics (VOCs), base neutral/acid organics,

and heavy metals;

o Contamination of ground water by

precipitation percolating through soils

containing VOCs, base neutral/acid organics,

and heavy metals;

o Contamination of surface waters by overland

migration of water in contact with soil

containing VOCs, base neutral/acid organics,

and heavy metals;

o Ingestion of ground water containing VOCs,

base neutral/acid organics, and heavy metals;

and

o Contamination of surface waters by discharge

of ground water containing VOCs, base

neutral/acid organics and heavy metals.

Additionally, the RAP complies with the Superfund Amendments and

Reauthorization Act (SARA) of 1986 by treating the contaminants

at ECC so that they do not present any current or currently

foreseeable future risk to health or the environment.



ECC Site Remedial Action Plan
Quality Assurance Project Plan

Revision: 0
March, 1989

Page 1-4

The RAP which is described in detail in the following sections

includes the components listed below:

o Soil vapor extraction, concentration, and

destruction;

o Installation of a RCRA-compliant cover;

o Establish access restrictions; and

o Ground water and surface water monitoring.

The intent of this RAP is to provide for the implementation of a

comprehensive remedy that will -remediate the site and will

constitute "clean closure" by removing and destroying wastes at

the site so as to preclude any risk to human health and the

environment through any media (air, soil, surface water, or

ground water). The soil vapor extraction system to be

implemented under this Document will result in a cleanup level

for constituents of concern in the site soils so as to obviate

the need for ground water interception/collection systems at the

site. Specifically, the soil vapor extraction system has been

designed and will be operated to achieve Cleanup Standards (as

specified in Table 3-1 of Exhibit A) in the soil as well as in

the ground and surface water at the site that will protect human

health and the environment.

Design of the vapor extraction system in the area beneath the

concrete slab and placement of the RCRA-compliant cover over the

j;ite in advance of the vapor extraction process will prevent the
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infiltration of water beneath the concrete slab and migration

through the subbase of the concrete slab.

Surface water and ground water sampling will be conducted during

and after the operation of vapor extraction systems to verify the

effectiveness of the RAP.

The components of the RAP as presented herein are compatible with

the proposed remedy for the adjacent Northside Sanitary Landfill

(NSL) site. As the remedial design is finalized for the NSL

site, the respective RAPs for ECC and NSL be reviewed to ensure

compatibility of design and construction schedules for each

system.

1.4 Sample Network and Rationale

The locations of the monitoring wells and surface water

monitoring points are shown on Figure 1-2. The monitoring well

locations were selected based on data obtained during the

Remedial Investigation which indicate that ground water flow from

the ECC site is in the southern direction.

1.5 Project Schedule

The anticipated schedule for completion of the Remedial Action at

~he ECC site is presented in Figure 1-3.
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITY

The primary contractor to the ECC Settling Defendants, will have

overall responsibility for all phases of the ECC Remedial Action

activities.

2.1 Management

Operational responsibilities including execution and direct

management of the technical and the administrative aspects of

this project will be assigned as follows:

Settling Defendants' Coordinator

Remedial Project Manager

Settling Defendants' Contractor

Remedial Project Manager

USEPA, Region V
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2.2 Field Activity

The Settling Defendants' chosen contractor will supervise all

Remedial Action field activities.

2.3 Laboratory Analysis

A laboratory which participates in USEPA's Contract Laboratory

Program (CLP), will perform all chemical analyses required as

part of the Remedial Action activities.

2.4 Quality Assurance

Overall Quality Assurance (QA) responsibility will be held by the

Quality Assurance Officer (QAO) of the Settling Defendants'

chosen contractor. All subcontractors will provide appropriate

project management, and the Settling Defendants' contractor will

furnish administrative oversight and Quality Assurance/Quality

Control (QA/QC) for all deliverables. The Quality Assurance

Office of the USEPA, Region V will provide review of the QAPP.

2.5 Performance and System Audits

Performance and system audits for field operations will be

performed by the Settling Defendants' contractor QAO. The

Contract Project Management Section of the Central Regional

Laboratory of USEPA Region V will be responsible for performance

and system audits of the analytical laboratory.
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3.0 QUALITY ASSURANCE OBJECTIVES

The overall quality assurance objective is to develop and

implement procedures for sampling, laboratory analyses, field

measurement, and reporting that will provide data to a degree of

quality consistent with its intended use and defensible in a

court of law. This section defines the goals for levels of QC

effort and the accuracy, precision, sensitivity, completeness,

representativeness, and comparability of laboratory analyses.

3.1 Level of QC Effort

Quality Control samples, including collocated or replicate

samples, and field and trip blanks, will be submitted to the

analytical laboratory to assess the quality of the data resulting

from field sampling activities. Collocated samples provide

intra-laboratory precision information for the entire measurement

system. Trip blanks which will be kept with samples throughout

the sampling event, will be analyzed to check for procedural

contamination of samples that occur during shipping. Field

blanks will be used to determine if decontamination procedures

have been sufficient.

Guidelines for collocated or field replicate samples for the

Remedial- Action activities will be one collocated or replicate

sample for each group of 10 or fewer investigative samples. One

field blank will be collected for each group of 10 or fewer

investigative samples. Trip blanks, one per shipping container,

will only be provided for water samples. This specific level of

QC effort is summarized in Table 3-1. The analytical laboratory
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selected for sample analyses will be a participant in the USEPA

Contract Laboratory Program (CLP) for organic and inorganic

testing. The level of QC effort provided by the laboratory will

be equivalent to the level of QC effort specified under the 7/87

Statement of Work (SOW) for Inorganics and the 7/87 SOW for

Organics.

The level of QC effort for field measurement of ambient air with

an HNu photoionization meter will consist of initial and

continuing calibration verification using a standard reference

gas.

3.2 Accuracy, Precision, and Sensitivity of Analyses

The QA objectives of analyses with respect to accuracy,

precision, and sensitivity are to achieve acceptable data based

on specified performance criteria. Accuracy and precision

requirements and method detection limits for CLP protocol

analyses are described in the 7/87 SOW for Inorganics and the

7/87 SOW for Organics for the CLP Program.

Analytical accuracy will be assessed through the collection of

organic samples for matrix spike/matrix spike duplicate and

surrogate spike analyses. A matrix effect is a phenomenon that

occurs when other sample components interfere with the analysis

of the contaminants of interest. Percentage recovery information

obtained from matrix spikes will be used to address the amount of

bias present in the measurement system (accuracy). In addition,

surrogate spike recovery will be evaluated by determining whether

the concentrations (measured as percent recovery) falls inside
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the contract required recovery limits. This surrogate spike

recovery information will be used to indicate the systematic

error in the analytical method. If recovery of any one surrogate

compound falls outside of the contract surrogate spike recovery

limits, the laboratory must take appropriate actions in

accordance with the 8/87 SOW for the CLP program to ensure

accuracy of the analytical method. For metals analysis,

interference check samples must be run to ensure accuracy in the

analytical method.

The accuracy of the HNu photoionization meter will be assured by

daily calibration verification with check standards. If readings

vary more than 5% from an expected value, the unit will be

replaced.

3.2.1 Data Completeness, Representativeness, and

Comparability

It is expected that the CLP organic and inorganic parameters in

Table 7-1 analyzed consistent with the CLP procedures will

provide data meeting the QC acceptance criteria for 95% of all

samples analyzed. Upon request, the completeness of an analyses

will be documented by the laboratory with items such as

chromatograms, spectra, and QC data to allow the data user to

assess the quality of the results.
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The sampling and analyses program is designed to provide data

representative of site conditions for conducting and evaluating

the effectiveness of the RAP. During the development of this

program, special consideration was given to existing analytical

results from previous site investigations, and the physical

setting of the site to ensure the representativeness of the data

generated by the Remedial Action activities.

Data comparability will be assured by the use of duplicate and

blank samples for field QC and by the specific laboratory QA/QC

activities required by the CLP protocol.

3.2.2 Documentation

The documentation system will comply with the requirement of CLP

protocol.

3.2.3 Quality Control Requirements

The sampling activities will include the following procedures for

the purpose of Quality Control:

o Collection of field duplicates, including

collocated and replicate samples.

o Collection of field blanks.

o Inclusion of trip blanks in sample shipments.

The specific level of QC effort is summarized in Table 3-1.



TABLE 3-1

I N V E S T I G A T I V E AND QUALITY ASSURANCE SAMPLING EFFORT

Sample M a t r i x Laboratory Parameters

Extracted Vapor Organics in Table 7-1

QA Samples

Investigative Samples

Durat i on Freq. Total No.

(week)

1
2-5

6-*

1/day
1/uk

1/mo

Repli cate F i e l d Blank

Water C o l l e c t e d

f rom S o i l

Vapor

E x t r a c t i o n

Ground Water

(on -s i t e and

o f f - s i t e w e l l s )

Surface Water

V o l a t i l e Organics i n

Table 7-1

Base Neutral Organic

and Acid E x t r a c t a b l e

Organics in Table 7-1

PCBs

M e t a l s in T a b l e 7-1

Cyan i de

V o l a t i l e Organics i n

Table 7-1 (year )

T.C.L. Base N e u t r a l 2-'

Organic and A c i d
E x t r a c t a b l e O r g a n i c s

in Table 7-1

PCBs

M e t a l s in T a b l e 7-1
Cyan i de

V o l a t i l e O r g a n i c s i n

Table 7-1

T.C.L. Base N e u t r a l 2-'

O r g a n i c and A c i d

E x t r a c t a b l e O r g a n i c s

in Table 7-1

PCBs

M e t a l s in T a b l e 7-1

Cyanide

4/yr

2/yr

56 72

4/yr

2/yr

16

* M o n i t o r i n g to be conducted d u r i n g o p e r a t i o n of the s o i l vapor e x t r a c t i o n system.

* * M o n i t o r i n g program w i l l b e i m p l e m e n t e d a c c o r d i n g t o t h e r e q u i r e m e n t s o f t h e o f f - s i t e h a n d l i n g / t r e a t m e n t f a c i l i t y .

*** M o n i t o r i n g to be t e r m i n a t e d in accordance w i t h S e c t i o n 2.1.4 of E x h i b i t A.
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4.0 SAMPLING PLAN

The Field Sampling Plan (FSP) , presented as Part I of this

Sampling and Analysis Plan, contains all appropriate information

pertinent to field sampling procedures. A summary of the

sampling schedule is presented in Table 4-1.



TABLE 4-1

REMEDIAL ACTION TASKS SAMPLING SCHEDULE

Activity Sample Matrix Saapte Frequency Laboratory Analyses

Soil vapor extraction,
Concentration and
destruction

Extracted Vapor

Water Collected

Soi I Cover No sampling required

Daily during first week;
weekly for 4 following
weeks, monthly thereafter
during operation of the soil
vapor extraction system

Monitoring Program w i l l be
implemented according to the
off-site handling/treatment
facility requirements

Volatile Organics in
Table 7-1

Volatile Organics in
Table 7-1

Base Neutral Organics
and Acid Extractable
Organics in Table 7-1

Metals in Table 7-1
Cyanide

Access restrictions

Ground water monitoring
(on-site and off-site
wells) and surface water
monitoring

No sampling required

Ground Uater
Surface Water

Quarterly for 1 year; semi -
annually thereafter until
terminated in accordance with
Section 2.1.4 of Exhibit A.

Volatile Organics in
Table 7-1

Base Neutral Organics
and Acid Extractable
Organics in Table 7-1

PCBs
Metals in Table 7-1
Cyanide
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5.0 SAMPLE CUSTODY PROCEDURES

Sample custody procedures will be consistent with Attachment 4 of

the USEPA Region V Guidance, "Content Requirements for Quality

Assurance Project Plan."

A sample will be considered under the person's custody if: (1) it

is in a person's physical possession; (2) it is in view of the

person after he/she has taken possession; (3) it has been secured

by that person so that no one can tamper with the sample, or (4)

it has been secured by that person in an area that is restricted

to authorized personnel.

The sample packaging and shipment procedures summarized below

will ensure that the samples will arrive at the laboratory with

the chain-of-custody intact.

Field procedures are as follows:

o The field sampler will be personally

responsible for the care and custody of the

samples until they are transferred or

properly dispatched. As few people as

possible will handle the samples.

o All samples will be tagged with sample

numbers and locations.
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o Sample tags will be completed for each sample

using waterproof ink unless prohibited by

weather conditions.

Transfer of custody and shipment procedures will be as follows:

o Samples will accompanied by a properly

completed chain-of-custody form. The sample

numbers and locations will be listed on the

chain-of-custody form. When transferring the

possession of samples, the individuals

relinquishing and receiving will sign, date

and note the time on the records. This

record documents the transfer of custody of

samples from the sampler to another person,

to a permanent laboratory, or to/from a

secure storage area.

o Samples will be properly packaged for

shipment and dispatched to the appropriate

laboratory for analysis, with a separate

signed custody record enclosed in each sample

box or cooler. Shipping containers will be

secured with strapping tape and custody seals

for shipment to the laboratory.



ECC Site Remedial Action Plan
Quality Assurance Project Plan

Revision: 0
March, 1989

Page 5-3

o A sample analysis request form will accompany

each shipment of samples to the analytical

laboratory. A description of the requested

analysis and the specific laboratory analysis

code will be included on this form.

o A standardized sample tracking form will also

be completed to establish sample custody

prior to shipment to the laboratory and to

document specific sample preservation

methods.

Copies of all sample custody forms will be maintained in the

project files along with copies of all field measurement data and

sample-specific information recorded in the field log book and on

field data forms.

The specifications for chain-of-custody and document control for

the laboratories will comply with the CLP requirements and be

carried out in accordance with the 7/87 SOW for Inorganics and

7/87 SOW for Organics for CLP analyses.

The chosen laboratories will provide all sample containers

necessary for field sampling and QC requirements. Each lot of

sample containers will be checked for cleanliness by the

laboratory and sealed to prevent contamination. Samples will be

received at the laboratory by the sample custodian, who will

examine each sample to ensure that no damage occurred during

shipment and that the chain-of-custody record is complete and
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accurate. The sample custodian will also ensure that each sample

has been preserved in a manner required by the particular test

and stored according to the correct procedure. Samples will be

preserved by storage in a cooler maintained at 4°C until the

analyses begin.

The Settling Defendants' contractor will maintain the Remedial

Action files along with all relevant records, reports, logs,

field notebooks, pictures, subcontractor reports, and data

reviews in a secured, limited access area and under the custody

of the site manager.
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6.0 CALIBRATION PROCEDURES AND FREQUENCY

This section presents the calibration procedures and information

for all major measurement systems including field and analytical

laboratory testing.

6.1 Field Instruments

A maintenance and calibration program will be implemented to

€'.nsure that routine calibration and maintenance are performed on

cill field instruments. The program will be administered by the

field team leader who will perform routine preventative

maintenance on a weekly basis and calibration of field

instruments on a daily basis. The HNu photoionization meter will

be calibrated using 100 ppm isobutylene (a standard reference

gas) .

Field personnel will be familiar with the calibration, operation,

and maintenance of all field instruments and will maintain their

proficiency. If field equipment should fail, the field team

leader will be contacted immediately and will either provide

replacement equipment or have the malfunction repaired

immediately.

6.2 Laboratory Equipment

The laboratories will perform calibration and preventative

maintenance procedures for laboratory equipment in accordance

with the 7/87 SOW for Inorganics and the 7/87 SOW for Organics

for the CLP Program.
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7.0 ANALYTICAL PROCEDURES

Water samples collected will be analyzed for organic and

inorganic parameters in Table 7-1 consistent with CLP procedures.

The CLP analyses will be conducted by the laboratory using

methods specified in the 7/87 SOW for Inorganics and the 7/87 SOW

for Organics for CLP laboratories. If high-level dilution of

samples is required such that certain constituents may be diluted

below their respective method detection limits, the laboratory

will be consulted to explore methods of detecting all

constituents. All chosen methods will be in accordance with

those specified in the 7/87 SOW for Inorganics and the 7/87 SOW

for Organics for CLP laboratories.



TABLE 7-1

CLP TARGET COMPOUND LIST (TCL) AND

CONTRACT REQUIRED OUANTITATION LIMITS (CRQL)(1'2>

Quant i tat ion ^ '

,

1.
2.
3.
It.
5.
6.
7.
8.
9.
10.
11.
12.
13.
H.

Volatiles

Methylene Chloride
Acetone
1 , 1-Dichloroethene
1,1-Dichloroethane
Chloroform-
2-Butanone
1, 1, 1-Trichloroethane
1, 1 , 2-Trichloroe thane
4-Methyl-2-pentanone
Tetrachloroethene
Toluene
Chlorobenzene
Ethyl Benzene
Xylenes (Total)

CAS Number

75-09-2
67-64-1
75-35-4
75-34-3
67-66-3
78-93-3
71-55-6
79-00-5

108-10-1
127-18-4
108-88-3
108-90-7
100-41-4
1330-20-7

Uater
ug/l

5
10
5
5
5
10
5
5
10
5
5
5
5
5

Lou Soil/Sediaent(4)

ug/kg

5
10
5
5
5
10
5
5
10
5
5
5
5
5

(1) 7/87 SOU for CLP Program.

(2) Specific quantitation limits are highly matrix dependent. The quantitation limits listed
herein are provided for guidance and may not always be achievable.

(3) Quantitation limits listed for soil/sediment are based on wet weight. The quantitation
limits calculated by the laboratory for soil/sediment, calculated on dry weight basis as
required by the contract, w i l l be higher.

(4) Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for Volatile TCL
Compounds are 125 times the individual Low Soil/Sediment CRQL.



TABLE 7-1

CLP TARGET COMPOUND LIST (TCL) AND

CONTRACT REQUIRED QUANTITATION LIMITS (CRQL)*1'2'

II. Seai-Volatites CAS Mu»ber

Quantitat ion Limits
Water Lou Soil/Sedi

ug/t ug/kg

(3)
.<*>

15.
16.
17.
18.
19.
20.
21.

Phenol
Isophorone
Napthalene
4-Chloroani line
Oiethyl phthalate
Di-n-butyl phthalate
bis(2-Ethylhexyl)phthalate

108-95-2
78-59-1
91-20-3
106-47-8
84-66-2
84-74-2
117-81-7

10
10
10
10
10
10
10

330
330
330
330
330
330
330

(1) Quantitation limits listed for soil/sediment are based on wet weight. The quantitation
limits calculated by the laboratory for soil/sediment, calculated on dry weight basis as
required by the contract, w i l l be higher.

(2) Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for Semi-Volatile TCL
Compounds are 60 times the individual Low Soil/Sediment CRQL.



TABLE 71

CLP TARGET CONFOUND LIST (TCL) AND

CONTRACT REQUIRED QUANTITATION LIMITS (CRQL)(1'2>

III. PCB CAS Number

Quant i tat ion
Water Low Soi l/Sedi«ent
ug/ 1 _ ug/lcg

(4)

22.
23.
24.
25.
26.
27.
27.

Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260

12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

0.5
0.5
0.5
0.5
0.5
1.0
1.0

80.0
80.0
80.0
80.0
80.0
160.0
160.0

(1) Quantisation limits listed for soi l/sedimient are based on wet weight. The quantitation
limits calculated by the laboratory for soil/sediment, calculated on dry weight basis as
requried by the contract, w i l l be higher.

(2) Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for Pesticide/PCB TCL
compounds are 15 times the individual Low Soil/Sediment CRQL.



TABLE 7-1

Quantitation Linit (1«2)

IV. T.A.L. Inorganics ug/l

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
H.

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Lead
Manganese
Mercury
Nickel
Si Iver
Vanadium
Zinc
Cyanide

60
10
200
5
5
10
5
15
0.2
40
10
50
20
10

15. Tin

(1) Elements determined by inductively coupled plasma emission or Atomic Absorption (AA)

spectroscopy.

(2) Quantitation limits for water.
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8.0 INTERNAL QUALITY CONTROL CHECKS

8.1 Analytical Laboratories

Quality Control at the Settling Defendants' chosen laboratories

will be carried out in accordance with the 7/87 SOW for

Inorganics and the 7/87 SOW for Organics for CLP laboratories.

8.2 Field Quality Control

Field Quality Control will be carried out by an experienced

geologist or engineer during all field activities. The on-site

supervisor will be present during all sampling activities and

subcontracted activities. All field QC procedures, as discussed

in Section 3.1, will be carried out according to the QAPP and

documented in the field notebook.
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9.0 DATA REDUCTION, VALIDATION AND REPORTING

Procedures for documenting sample collection and custody,

validating analytical data, and reporting the results of each

phase of the Remedial Action activities are covered in this

section.

9.1 Documentation

Information pertaining to sample collection, sample custody,

analyses to be performed, field measurements, and other field

observations will be documented and stored.

Field measurements and sample-collection data will be recorded on

specific field data forms and in a field log book. Sample

custody and requests for analytical tests to be performed will be

documented on sample tracking forms, chain-of-custody records,

arid sample analysis request forms.

Data received from the analytical laboratories will be validated,

organized under specific project headings, and stored in the

project files maintained at the Settling Defendants' contractor

offices.

9.2 Data Validation

The Settling Defendants' chosen laboratories will perform in-

house analytical data reduction and validation under the

direction of the respective laboratory QA officers. The

laboratory review will include checks for the attainment of QC
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criteria as outlined in CLP procedures and established USEPA

methods. The validity of analytical data will also be assessed

by comparing the analytical results of replicate and blank

samples.

Additionally, the laboratories will critique their own analytical

programs by using spiked addition recoveries, established

detection limits, precision and accuracy control charts and by

keeping accurate records of the calibration instruments.

The Settling Defendants' chosen contractor will review all sample

collection procedures and laboratory data validations to ensure

that QA/QC has been maintained. The data validation analysis

will be conducted in accordance with USEPA guidance documentation

such as "Laboratory Data Validation Function of Guidelines"

(July, 1988 for Inorganics and February, 1988 for Organics).

9.3 Reporting

Results from the data validation and QA/QC analysis will be

summarized in technical memoranda for submittal to the USEPA and

Indiana Department of Environmental Management (IDEM). All data,

qualified or unqualified, will be presented in technical

memoranda as tables or supporting appendices for the memoranda.

Interpretative or summary data sets will be provided in addition

to the complete data set. All laboratory reports and

verification calculations for QA/QC will be prepared in

accordance with the 7/87 SOW for Inorganics and the 7/87 SOW for

Organics and will be retained for USEPA audit and review. All

site investigation data will be analyzed, and a summary
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interpretation will be developed for the type and extent of

contamination from the site.

9.4 Data Package/Data Deliverables

The Settling Defendants' chosen laboratories will provide the

standard CLP data package required under the appropriate SOWs.

This information will be presented in a CLP format including a

case narrative, surrogate spike recoveries, all recoveries,

matrix spike/spike duplicate recoveries, summary of method

blanks, GC run time chronology and order, sample results and all

raw data for method blanks.
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10.0 PERFORMANCE AND SYSTEM AUDITS

The Settling Defendants' contractor project Quality Assurance

officer will monitor and audit the performance of QA/QC

procedures to ensure that Remedial Action activities are executed

in accordance with this QAPP.

10.1 Laboratory

A.11 laboratory external and system audits will be carried out by

the Region V Central Regional Laboratory (CRL).

10.2 Field Activities

QA audits of field measurements procedures, sample collection,

sample custody procedures, and monitoring well installation will

be conducted on a periodic basis to document that field

activities are performed in accordance with the Field Sampling

Plan. These audits will be scheduled to allow oversight of as

many field activities as possible and will be performed by the

contractor field team leader.
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11.0 PREVENTATIVE MAINTENANCE

11.1 Laboratory Equipment

All equipment at the laboratories will be maintained in

accordance with 7/87 SOW for Inorganics and the 7/87 SOW for

Organics for CLP laboratories.

11.2 Field Equipment

Preventative maintenance procedures for the HNu photoionization

meter, pH meter, and conductivity meter will be carried out in

accordance with the operating manual for the instrument.
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12.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION,

ACCURACY AND COMPLETENESS

The Settling Defendants' chosen CLP laboratories will comply with

the 7/87 SOW for Inorganics and the 7/87 SOW for Organics for CLP

laboratories to assess data precision, accuracy and completeness.
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13.0 CORRECTIVE ACTION

13.1 Analytical Laboratories

Corrective actions for the Settling Defendants' chosen CLP

laboratories will be carried out in accordance with procedures

outlined in the 7/87 SOW for Inorganics and the 7/87 SOW for

Organics for CLP laboratories.

13.2 Field Work

Corrective action indicated by audit results or detection of

unacceptable data will be determined by the Settling Defendants'

Project Manager in consultation with the ECC Settling Defendants,

USEPA, and IDEM. Corrective action may include, but is not

limited to:

o Reanalyzing samples if holding time criteria

are not exceeded.

o Resampling and analyzing site areas in

question.

o Evaluating and amending sampling and

analytical procedures.

o Accepting data with an acknowledged level of

uncertainty.
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o Eliminating outliers identified by the

validation task.

The proposed corrective action will be implemented only after

full agreement to the type of action required by the Regulatory

Agencies and the ECC Settling Defendants is achieved.
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14.0 QUALITY ASSURANCE REPORTS

Quality Assurance reports will be issued by the Settling

Defendants' chosen contractor as part of the Remedial Action

Technical Memoranda. These reports will include the results of

QA audits and any necessary corrective action procedures. in

addition, the data validation and data sufficiency task will be

incorporated into the technical memoranda.
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Model 43800-00 Hach One pH Meier
Battery Installation
Cartridge Installation
Keys and Indicators
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SAFETY PRECAUTIONS
Before attempting to unpack, set up or operate this instrument, please
read this entire manual. Pay particular attention to all warnings, cautions
and notes. Failure to do so could result in serious injury to the operator
or damage to the equipment.

USE OF WARNINGS, CAUTIONS AND NOTES
Warnings, cautions and notes used in this manual have the following
significance:

WARNING

Failure to observe (his information can result in personal injury or loss
of life.

CAUTION
Failure to observe this information can result in damage to equipment.

Note
Information that requires special emphasis

HACH.

METER SPECIFICATIONS—MODEL 43800-00
RANGE

pH -1.99 to 19.99 pH
millivolts 0 to ± 1999 mV
temperature -5 to I05°C

RELATIVE ACCURACY
PH
millivolts
temperature

RESOLUTION
PH
millivolts

± 0.01 pH
±0.10% of reading ± 0.2 mV
± 0.5° C

0.01 pH
0.1 mV (0 to ± 999.9 mV)
1 mV (± 1000 mV to ± 1999 mV)

temperature 0.1* C

INPUT IMPEDANCE
1012 ohms

TEMPERATURE STORAGE RANGE
-40" C to 60° C (Electrode stored dry)

OPERATING TEMPERATURE RANGE
0 to 50° C

TEMPERATURE COMPENSATION RANGE
Measurements in pH Mode -5°C to 105"C
Automatic Buffer Recognition Calibration Mode 0°C to 60*C

OPERATING HUMIDITY
0 to 90% relative humidity, noncondensing

POWER SAVE FEATURE
The instrument powers down if a key has not been pressed
within six minutes.

ELECTRODE
Model 44200-51 Hach One pH Electrode with Ag/AgCI
Reference and Temperature Sensor; with BNC connector

POWER REQUIREMENTS
6 Volt J Battery

BATTERY LIFE
More than 40 hours under continuous use

SIZE
23L x 9W x 7cmll (9 x 3-1/2 x 2-1/2")

SHIPPING WEIGHT
1.8 kg (4 Ibs)

(Subject lu chin{c without notice )
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ELECTRODE SPECIFICATIONS—MODEL 44200-51
RANGE

0-I4 pH units

ISOPOTENTIAL POINT
7 ± 0.2 pH

ELECTRODE RESISTANCE
Less than 100 megohms at 25° C (new)

TEMPERATURE RANGE
Continuous Use 0 to 45° C (32 to H3°F)
Intermittent Use 0 to 100° C (32 to 212%F)
Storage -40 to 60° C (-40 to 140*F)

REFERENCE ELEMENT
Silver/Silver Chloride

ELECTRODE DIAMETER
10.5 mm (0.41")

ELECTRODE LENGTH
14 cm (5.5")

CABLE LENGTH
91.5 cm ( 36")

(Subject lo chinp without notice.)

QUICK START INSTRUCTIONS
The manual has complete instructions on preparing for use. calibration
and measurement. Below is an outline of these instructions. Additional
information may be found on the pages in parentheses.

INSTALLATION
1. Install battery. (12)

2. Install cartridge. (13)

3. Connect electrode. (15)

4. Turn the Priming Knob counterclockwise five complete turns.

SAMPLE MEASUREMENT (26)
1. Open the pH 4.01 Hach Powder Pillow Buffer (red) with the clip-

pers provided. Dissolve the contents in 50 mL deionizcd water using
the included beaker. To stir the solution use the electrode. Rinse
the electrode with deionized water after use.

2. Open the pH 7.00 Hach Powder Pillow Buffer (yellow) with Lie clip-
pers provided. Dissolve the contents in 50 mL deionized water us-
ing the other beaker. To stir the solution use the electrode. Rinse
the electrode with deionized water after use.

(The buffers may be poured into a drain with running water when
no longer needed.)

3. Press: P^ The display will light. If wrong keys are pressed, etc.,
at any time during a sequence of steps, press ^| to turn off the
meter and start over with this step.

(The meter will go blank if a key is not pressed during a six minute
interval.)

(A detailed key description is found on pages 18 lo 23.)

4. Press: pill

5. Press: f™S The Auto indicator will light. Calibration in the
automatic buffer recognition mode has been started.

6. Place (he electrode into the pH 4.01 Hach Powder Pillow Buffer an-'
press the Dispenser Button unti l it clicks.



HACH,

7.

8.

9.

10.

Press: MM and wait until the pH indicator stops (lashing. The ac-
tuaJ pH wiii appear in uic display. If the sclulicn temperature deviates
from 25'C, the display will show the actual pH and not the labeled
pH value.

Rinse the electrode, and repeat Steps 6 to 7 with the pH 7.00 Hach
Powder Pillow Buffer.

Press: I | The meter is now measuring pH.

Rinse the electrode with deionized water and place into the unknown
sample. Press the Dispenser Button until it clicks. The display will
show the sample pH.

f:

E

DIAGNOSTIC MESSAGES

A more complete description of the error codes is found on page 50.

C I The probe voltage reading is out of range in the pH mode.

C <? The deviation from the ideal pH slope of -59.2 mV/pH unit is greater
than 30%.

3 The probe mV offset is greater than 120 mV or less than -120 mV.

V The pH reading has not been recognized as one of the 4.01, 7.00 or 10.00
pH standards in the automatic buffer recognition mode.

C 5 Both calibration solutions have the same nominal pH value.

E 8 The voltage is less that -50 mV or greater than +50 mV while the millivolt
mode is being zeroed.

C 7 The temperature is out of autocalibration range, 0 to 60 *C.

C 0 The millivolt reading is out of range, less than -1999 mV or greater than
+1999 mV.

Prompting indicators are described on page 48.

A troubleshooting guide is found on page 52.

PART 1. PREPARATION FOR USE
UNPACKING

Remove the instrument and accessories from the shipping container and
inspect each item for any damage that may have occurred during ship-
ping. Verify that the following items are present:

Model 43800-00 Portable Hach One pH Meter
Model 44200-51 Combination pH Electrode with built-in

Temperature Sensor
Beaker, 100 mL (2)
Battery, 6 volt, J type
Buffer Powder Pillows, pH 4.01 (red) and pH 7.00 (yellow)
Hach One Reference Electrode Solution Cartridge
Instruction Manual
Clipper, Large
Carrying Case

In addition to the accessories listed above, several items of optional equip-
ment and apparatus are available from Hach; see Replacement Parts and
Accessories. Part 5.

If any items are missing or damaged, please write or call the Hach Factory
Service Center, Ames. Iowa, for instructions. Do not return the instru-
ment without prior authorization. The loll-free number is 800-247-3990.

If you are located in Canada, Latin America, the Caribbean, the Far East
or the Pacific Basin, please contact Hach Company. Wbrld Headquarters.
P.O. Box 389, Loveland. Colorado 80539 U.S.A. Telephone (303)
669-3050, TWX (Telex) 910-930-9038. Customers located in Europe, the
Middle East or Near East, or in Africa, please contact Hach Europe,
S.A./N.V.. B.P. 51, B 5000 Namur I. Belgium. Telephone (081) 44.53.81.
Telex 846-59027.
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ASSEMBLY
Complete the following steps (Battery, Cartridge and Electrode Installa-
tion) to assemble the Hach One pH Meter.

BATTERY INSTALLATION
The 6-volc J battery supplied with the instalment must be installed. To
install, remove from the plastic package and remove the battery cover
from the bottom of the instrument.

Align the battery as shown in Figure 1. Slide the terminal end in first
towards the contacts.

Equivalent replacement batteries are:
Duracell #7K67
Varta #4018T
Eveready #539

CARTRIDGE INSTALLATION
1. Press the PLUNGER RELEASE BUTTONS. Figure 2A. on the

sides of the meter and slide the plunger all the way to the PRIM-
ING KNOB end of the meter; see Figure 2B. The plunger must be
completely recessed in order to slide the cartridge in.

Note
Visually check the cartridge to see if crystals are present in the solu-
tion before installing a new cartridge in the meter in the following
manner: hold the cartridge up to the light with tip down to view
the clear plastic areas of the cartridge and invert several times.
Crystals, if present, will be seen easily and interfere with later opera-
tion. Dissolve crystals by immersing the cartridge in warm water
and shake the cartridge periodically until all crystals redissolvc.

2A 2B

Dispenser
Button

Figure 1. Battery Installation

I Priming
! Knob

Figure 2. Cartridge Installation

WARNING
Battery may explode if recharged or disposed of in fire.
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2. Turn the meter upside down and slide the tip of the solution'car-
tridge through the large opening in the meter base and then through
ihe oval opening. See Figure 2C. Slide the flat end of the cartridge
firmly into the semicircular slot in the meter; note the horizontal
orientation of the tabs.

2C

3. Press the PLUNGER RELEASE buttons and slide the plunger
toward ihc solution cartridge until it slops against the solution car-
tridge seal.

Figure 2D illustrates the Hach One Portable pH/mV meter assembled
with the cartridge.

JT n

Figure 20
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ELECTRODE INSTALLATION
1. Twist and pull the cap from the solution cam luge tip and the plug

from the end of the electrode tubing connector. Install the electrode
tubing connector on the cartridge tip by pressing with a slight rotating
motion. The cartridge tip cap can be stored on the electrode tubing
connector plug.

2. Remove the cap and cotton wad from the pH electrode tip. Examine
the glass bulb to be sure it is filled with solution. The electrode
will not function properly if an air bubble is in the bulb area.
Remove air by shaking down Ihe electrode in (he same manner
as you would a clinical thermometer. Replace the cap when the
electrode is not being used.

3. Hold the meter so the cartridge tip points upward. Route the PRIM-
ING KNOB counterclockwise until electrode solution emerges from
the electrode lip. Five complete turns are necessary to purge all the
air bubbles from the electrode tubing. Failing to purge the system
of air may result In erratic or inaccurate measurements.

4. Immerse the glass bulb in the electrode tip in a beaker of deionized
water and dispense a small amount of electrode solution by turning
the PRIMING KNOB counterclockwise. The electrode should be
held off of the bottom in order to observe the dense electrode solu-
tion sinking from the electrode tip. (Throughout this manual the
term, deionized, refers to distilled, democratized or deionized
water.)

5. Connect the electrode BNC connector to the BNC receptacle on
the Hach One pH Meter. Connect the temperature probe plug to
the temperature probe jack.

6. Calibrate the pH meter as described Part 2, pH Calibration. Dur-
ing calibration and operation, a small amount of electrode solution
should be dispensed each time the electrode is placed in a new sam-
ple. Depress the DISPENSER BUTTON until it clicks. This delivers
6 /xL of electrode solution, a sufficient amount for most samples.
Dispensing more electrode solution usually is unnecessary.

15



ELECTRODE STORAGE AND DISASSEMBLY
The Hach One Electrode can be stored dry in air without harm to the
glass membrane. The glass will rehydrate quickly when immersed in water
and an immediate response is obtained in concentrated solutions like
calibration buffers.

Follow these steps to disassemble after use:

1. Remove the electrode from the sample and rinse with deionized
water.

2. Cover the electrode tip with the cotton wad and black electrode cap.
Lay the electrode down.

3. Disconnect the electrode tubing connector and insert the electrode
tubing connector plug.

4. Tightly place the cartridge cap on the electrode solution cartridge.

Note
Wipe any spilled electrode solution with a damp cloth immediately. The
electrode solution may damage metal and electrical parts.

5. Disconnect the BNC connector and the temperature probe.

6. Place the meter and the electrode into the case.

See Pan 3, Maintenance for additional information on storage.
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PART 2. OPERATION
INSTRUMENT DESCRIPTION

The Hach Model 43800 Portable Hach One" pH Meter is a multipurpose
microprocessor-controlled laboratory instrument with an integral
Reference Solution Dispenser Pump.

It has been designed to measure pH, specific ion activity and millivolt
potentials. The instrument will calculate, store, temperature compensate
and display all parameters for pH measurements.

It has both automatic buffer recognition and manual calibration modes.
The automatic buffer recognition mode uses pH 4.01. 7.00 and 10.00 Hach
Powder Pillow Buffers. A two-buffer calibration may be used with any
two of these buffers in any sequence. The manual mode may be used
with any buffers, al least one pH unit apart, over the entire measurement
range.

The Hach One pH Meter will provide direct digital readouts in pH units
(-1.99 to 19.99) or millivolts (0 to ± 1999 mV). The four-digit display
provides sensitive, accurate readings. If a temperature probe is attached,
readings from -5 to 105°C may be obtained.

With the Hach One Combination pH Electrode and Temperature Sensor,
the range is 0 to 14 pH units and the temperature range is 0 to IOO°C.

Oxidation-reduction potential (ORP) and many ion selective electrodes
may be used with calibration curves to correlate millivolt values with
me constituent values.

17



DESCRIPTION OF OPERATING CONTROLS
Figure 3 illustrates the keys and indicators of the Hach One pK Meter.
Functional descriptions of each are given in the accompanying table.

31

Item Name

V. Electrode (Probe)

2. Electrode Solution
Tubing

3. Connector & Plug

4. Cap

5. Solution Cartridge

6. Display

7. pH Indicator

8. mV Indicator

9. Auto Indicator

10. Man Indicator

11. °C

Figure 3. Key* and Indicator*

18

Description

Hach One Combination Electrode

Tubing for electrode solution

Attaches the electrode solution tubing to the
electrode solution cartridge

Used to prevent loss or contamination of
electrode solution during storage

Contains electrode solution

LCD display of pH or mV values with two
display modes, normal and editing. In nor-
mal display mode, the digits light; while in
the editing display mode one of the digits will
flash.

If the pH key, Item 13, is activated, the pH
indicator will light.

If the mV key, Item 12, is activated, the mV
indicator will light.

If the Auto/Manual key. Item 22, is activated
in the pH mode, the Auto indicator will light.
This shows that the meter is calibrating in
the automatic buffer recognition mode.

If the Auto/Manual key. Item 22, is depress-
ed ifftin when in the pH mode, the Man in-
dicator will light. This indicates die meter
is in the manual calibration mode.

If lighted, it indicates the value shown in the
temperature display, Item 23. has the units
of degrees Celsius. If it is flashing, the
tcmpcrMur- •--' •'- not connected.



12. mV Key

13. pH Key

14. Review Key

15. Power Key

16. Dispenser Button

17. Plunger Release
Buttons

18. Printing Knob

Millivolt mode key. When activated, the rnV
indicator will light and the display, Item 6,
will read millivolts. The calibrate and edit
keys as outlined on the keyboard will be in-
operative. If a pH calibration is in progress,
it will be canceled.

pH mode key. When activated, the pH in-
dicator will light and the display, Item 6, will
read pH units. If the pH key is depressed
during a calibration, the calibration in pro-
gress will be lost. If the pH key is depress-
ed at the completion of a calibration se-
quence, the appropriate values will be
updated.

Calibration review key. Displays the offset
and slope values used to determine the cur-
rent calibration. The offset in millivolts will
appear in the larger display with the mV in-
dicator displayed. The slope in millivolts per
pH unit will appear in the smaller display.
Press again and return to the pH mode.

Turns on instrument power. Will need to be
activated if a key has not been used within
six minutes. If (he key is depressed and held
when the meter is turned on, all of the
display symbols will appear.

Used to dispense electrode solution from the
cartridge.

Used to move dispenser plunger.

Used to prime electrode solution cartridge.
Turn counterclockwise to dispense solution.

1Q, Up Arrow Key

20. Right Arrow Key

21. Standard Key

22. Auto/Manual Key
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Each press and release of the Up Arrow key
increments the flashing number when in the
editing mode. The range for the left-most
digit in the display is 0 to 1 to 0. The range
for the left-most digit in the temperature
display is 0 to I to - to 0. The range for all
the other digits is 0 to 9 to 0. The internal
software will not allow the user to enter an
inappropriate value. An example is entering
110 in the temperature display. The 110 is out
of the -5 to 10S*C range and cannot be
entered. To enter 104 the zero and the four
must be entered first. The Right Arrow key
is then advanced and the one entered. This
procedure is unnecessary for (he pH display.

Moves the flashing number to the next right
digit. If the temperature probe is not con-
nected, it will initiate editing of the
temperature display. Increment this digit with
the Up Arrow key or if it is a leading blank,
a flashing zero, press the Right Arrow key
to advance to the next digit.

Initiates reading of a buffer used in a calibra-
tion sequence.

Selects the calibration mode, either the
automatic buffer recognition mode or
manual buffer recognition mode, and starts
the calibration sequence.

Press once: Initiates the automatic buffer
recognition calibration mode. The Auto in-
dicator will light. The meter has been
preprogrammed for using Hach Powder
Pillow Buffers labeled pH 4.01.7.00 or 10.00
in any order to calibrate the instrument.

Press again: Initiates the manual buffer
recognition mode. The Man indicator •• •!'
light. The editing mode will be iniiiatcu <.,»..
(lie left-most digit f lashing. If the
temperature probe is not connected, the
temperature may be edited as well.
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23. Temperature
Display

24. Probe Indicator

25. Battery Indicator

26. S2 Indicator

27. Minus Sign

28, SI Indicator

Continuously displays the temperature in 0,2
inch digits. When the temperature probe is
not connected, the meter uses the last
manually entered temperature or 25eC. The
meter uses the displayed value to compen-
sate the pH reading automatically for
temperature. The letters, HI, will appear if
the.temperature is greater than 105*C. LO
will appear if the temperature is less than
-5'C.

Flashes until the reading is stable. In low
ionic-strength samples it may lake up to three
minutes. If the instability is due to the probe
or sample, it will continue to flash. Correc-
tive action is needed; see Troubleshooting,
Part 4. If the indicator is lighted but not
flashing, the last calibration offset deviation
was in the range of 60 to 120 mV and/or the
slope deviated from -59.2 mV/pH unit by IS
to 30%. It will remain lighted until a new
calibration is completed.

The battery indicator will light up when the
voltage becomes low. When the voltage
becomes too weak to operate the meter cir-
cuits, the instrument will turn itself off while
maintaining calibration data in memory.

The S2 indicator will flash during a calibra-
tion when the second standard of a calibra-
tion is expected. The S2 indicator will light
when the information on the display refers
to the second standard.

The minus sign will light when the meter
reads a negative value.

The SI indicator "';1' n-<;h during a calibra-
tion when m
is expected
the infornu
first standard.
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29. BNC Receptacle Attachment for BNC connector.

30. Temperature Probe Attachment for temperature probe.
Jack (recessed)

31. BNC Connector Attaches the electrode to the meter.

32. Temperature Probe Attaches the temperature probe to the meter.
Plug

ELECTRODE DESCRIPTION
Hach One Electrodes feature.a vastly improved design providing fast
response and measurement accuracy; see Figure 4. Error due to varia-
tion* in reference junction potentials caused by junction clogging has been
virtually eliminated.

REFERENCE ELECTRODE

THERMISTOR
SILVER-SAVER CMLOMOE
REFERENCE ELEMENT

Figure 4. Hach One Combination pH Electrode with T«mp«ratura S«n«or
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Hach One pH Electrodes have silver-silver chloride reference elements.
Electrode solution for the reference half-cell is metered through an open
reference junction by using a special dispenser. One touch on the dispenser
control button dispenses just the right amount of electrode solution through
the reference junction. Electrode solution is dispensed through Teflon
tubing which also encloses the silver-silver chloride reference element.
Model 44250, the Hach One Reference Half-Cell Electrode, is available
for use with two-electrode systems. Electrode solution for Hach One Elec-
trodes is contained in disposable plastic cartridges to ensure fresh,
contaminant-free solution.

The Hach One Electrode will provide greater accuracy and reliability
for pH measurement than any other pH electrode available. Unique design
and construction of Hach One Electrodes make them ideal for routine
and special applications of pH measurement. Convenient for field or
small-sample testing, the slim body of the Hach One (10.5 mm diameter)
will Tit into a 13-mm test tube for measurement of samples as small as
1.5 mL.

The Hach One uses a low-resistance glass so that it can be used down
to 0"C. Although low-resistance glass hydrates easily, it has less durability
at high temperatures. In addition, a moderate sodium error occurs at pH
levels greater than 12 when low-resistance glass is used.

PRINCIPAL OF ELECTRODE OPERATION
Fresh electrode solution is dispensed from a cartridge through a free-
flowing liquid junction as needed. Diluted electrode solution and con-
taminants are removed continuously from the vicinity of the junction.
Build-up of junction potential, common with electrodes with porous plugs,
docs not occur with the free-flowing junction. Accordingly, samples of
varying ionic strengths are measured accurately. The electrode solution
is mctcred by a dispenser, controlled by a DISPENSER BUTTON, PRIM-
ING KNOB and PLUNGER RELEASE BUTTONS. One push on the
DISPENSER BUTTON triggers delivery of 6 /*L of electrode solution
from the cartridge. Hach One Electrodes provide quick, stable readings
in a temperature range of 0 to IOO°C (32 to 2I2°F). Intermittent use only
is recommended above 45"C (113*F).
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Applications for the Hach One Pbrtable pH Meier include:
— Monitoring (he pH of low ionic strength liquids such as ultrapure water

and acid rain samples.
— Ecology studies of natural waters (lakes, rivers and streams).
— Water and waslcwatcr treatment to monitor influent and effluent

quality.
— Agricultural applications (soil, fertilizer, food and feed).
— Chemical and biological research.
— Industrial processes in the manufacture of foods, beverages, phar-

maceuticals, dyes, photographic Him and reagent grade chemicals.
— Medical laboratory studies of body fluids such as blood and urine.

OPERATION MODES
The three fundamental parameters measured by the Hach One Portable
pH Meter are temperature, pH and millivolts.

TEMPERATURE MEASUREMENT
Temperature is measured only when the temperature probe is connected
to the meter. If the temperature probe is not connected, the meter will
display the last value entered manually or (he default value of 25°C and
the °C will flash. Temperature values may be changed by using the Up
Arrow and Right Arrow keys when the temperature probe is disconnected.

Preliminary adjustments arc not needed for taking temperature
measurements. Once the probe is connected, immerse the probe tip in
the test sample. Allow 30 seconds for the probe to stabilize and take the
reading.

LABORATORY THERMOMETER
The Hach One pH Meter may be utilized as a laboratory thermometer
with the purchase of a stainless steel temperature probe (Cat. No.
43976-00); sec Figure 5. Simply plug in, attach the BNC shorting cap.
and read the value in the temperature display. The BNC shorting cap
stabilizes Ihc erratic display.
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Figure 5. SUInless Steel Temperature Probe

With the stainless steel temperature probe, other pH probes may be used
with the Hach One pH Meter and have automatic temperature compen-
sation in (he pH mode.

In the millivolt mode, oxidation-reduction potential and ion selective elec-
trodes may be used. The temperature probe will provide an accurate
measurement of sample temperature.

pH MEASUREMENT
pH is used to describe the hydrogen ion activity in a solution. The in-
fluence of the hydrogen ion activity in a solution on a pH electrode may
be described by two parameters, offset and slope. A more complete ex-
planation of pH is given in Appendix A. Theory of pH Measurement.

The offset is defined as the difference between the observed potential
and the expected potential at pH 7.00. The default offset programmed in-
to the Hach One Portable pH Meter is 0.00 mV.

The slope is defined as the change in potential per pH unit. The default
slope programmed into the Hach One Portable pH Meter is -59.2 millivolts
per pH unit.

These default values will change each lime a calibration is performed.
A one-buffer calibration will change only the offset, while a two-buffer
calibration will change both (he offset and slope.

The values used for offset and slope are as close as (he (ouch of a button.
In the pH mode (he Review key, when pressed, will display the current
offset in terms of millivolts in the display and the current slope in millivolts
per pH unit in the temperature display. This data is invaluable to verify
(he accuracy of calibration and sample measurement over time. If the
offset and slope exceed the normal expected calibration variations (he
probe indicator will light. Larger variations will cause error messages
to occur. These indicators and error messages are explained in more detail
in the Troubleshooting section.
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pH CALIBRATION
There arc several ways to calibrate the pH meter. For the most accurate
measurements, do a two-buffer calibration at least daily. A one-buffer
calibration is less accurate but useful in routine applications. The fac-
tory or default calibration usually is the least accurate but the quickest
to use.

The Hach One pH Meter has been designed for these calibrations to be
carried out in either an automatic buffer recognition (automatic) mode
or a manual mode. In the following pH Calibration Procedure section
each of these calibrations is described in detail. These calibrations in-
clude two-buffer calibration using automatic mode, two buffer calibra-
tion using manual mode, two-buffer calibration using automatic mode
for one buffer and manual mode for the second buffer, one-buffer calibra-
tion using automatic mode, one-buffer calibration using manual mode
and factory calibration.

In each procedure, bracketed steps, [ ], tell what action needs to be taken
if the temperature probe is malfunctioning or not plugged in. The
temperature may be entered using the Edit keys. In some situations it
may not be necessary to enter a temperature if the currently displayed
(cmperaiure is correct. Every three degrees Celsius difference between
the displayed temperature and the actual solution temperature will cause
a one per cent deviation per pH unit difference from pH 7. This means
at pH 3 ihc effect of temperature on the pH measurement, when there
is a difference in temperature from the display to the actual temperature,
is more significant than at pH 6.

In all pH measurements, the results are only as good as the buffers used
in the calibration procedure. Hach pH Powder Pillow Duffers are simple
to prepare and accurate. Powder pillow packaging ensures the proper pro-
portion of fresh, contaminant-free reagent. Prepare buffer solutions by:

1. Open the powder pillow with the clippers provided with the meter.

2. Dissolve the contents of one powder pillow in 50 mL of deionizcd
water and mix. Sec Part 6 for product ordering information and
prcmixcd solutions.

Accurate pH measurements arc easy will) ihc Hach One when the air
bubbles in the dec:. •<• ;irc removed. Not removing all
of the air bubbles is UK. nr Air bubbles arc
removed by dispensing moie . ^ inj; But-
ton. More air bubbles can be rum, .,.• Knob

If the probe indicator is lighted but not Hashing dur-
ing a calibration, it indicates a warning about the
last calibration and not the current calibrator!. The
lighted indicator won't turn off until the current
calibration is completed.

PROMPTING
The Hach One Portable pH Meter uses prompting indicators to direct
the operator through calibration. When one of the program modes
(automatic or manual calibration) has been selected, the instrument will
prompt the operator as to the calibration requirements by flashing key
indicators (SI or S2) in the automatic calibration mode plus initiate editing
of the display in the manual calibration mode; see Figure 6.

Figure 6. Prompting Indicators

pH CALIBRATION PROCEDURES

TWO-BUFFER CALIBRATION USING AUTOMATIC MODE

1. Press: MM The display will lighi.

2. Press: HE
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3. Press: Bsca j he Auio indicator will iighi; see Figure 7. The SI
and pH indicators will flash. Zeros will appear in the display.

Figure 7. Auto Indicator

4.

5.

[If the temperature probe is not connected, determine temperature
of the buffer. Press the Right Arrow key once and then 'enter the
temperature using the Righl Arrow and Up Arrow keys. The Righl
Arrow moves the flashing number to the next right digit, while the
Up Arrow increments the flashing number. Sec page 21 for a detailed
description of the Up Arrow key. The °C will continue to flash as
long as a temperature probe is nol connccled.l

Place the electrode into a pH 4.01 Hach Powder Pillow Buffer and
press the Dispenser Button. The temperature display will show the
actual solution temperature throughout the entire sequence of steps
if the temperature probe is connected.

Press: Q3 and w3'1 unt'' (he pH indicator stops flashing. The S2
indicator now will begin flashing. The actual pH value will appear
in the display.If the solution temperature deviates from 25°C, the
display will show the actual pH and not 4.01.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles arc removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.
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6. Rinse the electrode with dcionized water.

[If ihc temperature probe is not connected, determine the temperature
of the buffer. Press the Right Arrow key once and then enter the
temperature using the Righl Arrow and Up Arrow keys. The *C
will continue to flash as long as a temperature probe is not
connected.]

Place the electrode into a pH 7.00 Hach Powder Pillow Buffer and
press the Dispenser Button.

7. Press: BBS S2 will stop flashing. Wail until the pH indicator stops
flashing. The actual pH value will appear in the display. If the solu-
tion temperature deviates from 25°C, the display will show the ac-
tual pH and not 7.00.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles arc removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

8. Press: [Hil Rinse the electrode with dcionized water, place into
sample and press the Dispenser Button. The meter now measures
PH.

9. If desired, press: BD Note the offset and slope used in determin-
ing pH. Press the Review key again to return to measuring pH.

In the automatic buffer recognition mode, Hach Powder Pillow Buf-
fers, pH 4.01. 7.00 and 10.00 may be used in any sequence.



TWO-BUFFER CALiBRATiON USING MANUAL MODE

1. Press: M9 The display will light.

2. Press: LUJ

3. Press: Dd Two times. The Man indicator will light; see Figure
8. The SI indicator, the left-most digit and the pH indicator will
Hash.

Figure 8. Man Indicator

4. Place the electrode into a standard buffer and press the Dispenser
Button.

5. Determine the pH of the standard buffer at its current temperature
from a table of values. The current temperature is shown in the
temperature display if the temperature probe is connected. Appen-
dix C has a table of Hach liquid and powder buffers showing
temperature versus pH.

6. Use (he Right Arrow and Up Arrow (19 ESI Edit keys) to enter
the determined pH of the standard buffer in the display. The Right
Arrow moves the flashing number to the next right digit, while (he
Up Arrow increments the flashing number. See page 21 for a more
detailed description of the Up Arrow key.

[If the temperature probe is not connected, determine the temperature
of the buffer and enter it in the temperature display usiru- ''•'; ̂ "ht
Arrow and Up Arrow. Use the Right Arrow to move
number from the display (o the temperature display,
continue to flash as long as a temperature •••-"'- :- -u.

32

7. Press: gggg a"- —"ljn-- —e ?H indicator stops flashing momen-
tarily, about four seconds. The S2 indicator and the left-most digit
now will begin flashing. Zeros or a previous calibration value will
appear in (he display to be edited, if necessary, for the second stan-
dard in Step 9.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc (he cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

8. Rinse the electrode with deionized water. Place into a second stan-
dard buffer and press the Dispenser Button.

[If the temperature probe is not connected, determine buffer
temperature.]

Determine the pH of the standard buffer at its current temperature
from a table of values. Appendix C has a table of Hach liquid and
powder buffers showing temperature vs. pH.

I Edit keys) to enter9. Use the Right Arrow and Up Arrow (|
the determined pH value in the display.

[If the temperature probe is not connected, enter buffer temperature
using the Right Arrow and Up Arrow keys in the temperature display.
Use the Right Arrow to move the flashing number from the display
to the temperature display. The *C will continue (o flash as long
as a temperature probe is not connected.]
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10. Press:
flashing.

52 will stop flashing. Wait until the pH indicator stops

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing are the cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be are removed by • turning the Priming Knob
counterclockwise.

11. Press: Luxl Rinse the electrode with deionized water, place into
sample and press the Dispenser Button. The meter now measures
PH.

12. If desired, press: HQ Note the offset and slope used in determin-
ing pH. Press the Review key again to return to measuring pH.

TWO-BUFFER CALIBRATION USING AUTOMATIC MODE FOR
ONE BUFFER AND MANUAL MODE FOR THE OTHER BUFFER

1. Press:

2. Press:

3.

The display will light.

•301
Press: rrr"* The Auto indicator will light. The SI and pH indicators
will begin flashing. The display will show all zeros.

Place the electrode into a pH 4.01 Hach Powder Pillow Buffer and
press the Dispenser Button. The temperature display will show the
actual solution temperature throughout (he entire sequence of steps
if the temperature probe is connected.

[If the temperature probe is not connected, determine temperature
of the buffer, press the Right Arrow key once and then enter the
buffer temperature using the Right Arrow and Up Arrow in the
temperature display. The Right Arrow moves ihc flashing number
to the next right digit, while the Up Arrow increments (he flashing
number. The °C will continue to flash as long as a temperature probe
is not connected.]

In the automatic buffer recognition mode, pH 7'
Powder Pillow Buffers also may be US'-,'
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5. Press: DD SI will stop flashing. Wait until the pH indicator stops
flashing. The S2 indicator wiii begin flashing. The actual pH value
will appear in the display. If (he solution temperature deviates from
25°C. (he display will show the actual pH and not 4.01.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing are (he cause. Air bubbles' are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

Rinse the electrode with deionized water. Place into (he second stan-
dard buffer and press the Dispenser Button.

7. Press: nma The Man indicator will light.

The S2, the left-most digit and the pH indicator will begin flashing.
Determine the pH of the standard buffer at its current icmpcraiurc
from a (able of values. Appendix C has a (able of Hach liquid and
powder buffers showing temperature versus pH.

8. Use the Right Arrow and Up Arrow ( P*jj Q Edit keys) to enter
the determined pH value in the display. The Right Arrow moves
(he flashing number lo (he next right digit, while the Up Arrow in-
crements the flashing number.

[If the temperature probe is not connected, determine the buffer
temperature and enter it in the temperature display using the Right
Arrow and Up Arrow. Use the Right Arrow to move the flashing
number from the display to the temperature display. The *C will
continue to flash as long as a temperature probe is nol connected.]

9. Press: BB S2 will stop flashing. Wait until the pH indicator stops
flashing. The value entered in Step 8 will appear in the display.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles arc removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning ihr n 'nob counterclockwise.
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!0. Press: LUU Rinse the electrode with dcionizcd water, place into
sample and press the Dispenser Button. The meter now measures
pH.

11. If desired, press: QB Note the offset and slope used in determin-
ing pH. Press the Review key again to return to measuring pH.

Calibration may also be done using the manual mode first and the
automatic mode second.

ONE-BUFFER CALIBRATION USING AUTOMATIC MODE

1. Press: I

2. Press:

The display will light.

3. Press: ptrrn The Auto indicator will light.

4. Place the electrode into a pH 7.00 Hach Powder Pillow Buffer and
press the Dispenser Button. SI and pH indicators will be flashing.
Zeros will appear in the display. The temperature display will show
the actual solution temperature throughout the entire sequence of
steps if the temperature probe is connected.

[If the temperature probe is not connected, determine temperature
of the buffer, press the Right Arrow key once and then enter the
temperature using the Right Arrow and Up Arrow in (he temperature
display. The Right Arrow moves the flashing number to the next
right digit, while the Up Arrow increments the flashing number.
See page 21 for a detailed description of the Up Arrow key. The
°C will continue to flash as long as a temperature probe is not
connected.]

In the automatic buffer recognition.mode, Hach Powder Pillow Buf-
fers, pH 4.01 or 10.00 also may be used.

5. Press: [El SI will stop flashing. Wait unti l (he pH indicator slops
flashing. S2 will begin flashing. T^ • <M value will appear
in (he display. If (he solution In -s from 25*C. (he
display will show the actual '
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Fluctuating readings: If "he screen displays • fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

Press: 1*1 «| Rinse the electrode with deionized water, place into
sample and press the Dispenser Button. The meter now measures
pH.

7. If desired, press: BB9 Note the offset and slope used in determin-
ing pH. Press (lie Review key again to return to measuring pH.

ONE-BUFFER CALIBRATION USING MANUAL MODE

1. Press:

2. Press:

The display will light.

3. Press: trrmi two limes. The Man indicator will light. The SI and
pH indicators will begin to flash.

4. Place the electrode into a standard buffer and press (he Dispenser
Button.

The left-most digit and the pH indicator will begin flashing. Zeroes
or a previous calibration value will appear in (he display to be edited,
if necessary, in Step 5. Determine the pH of the standard buffer at
its current temperature from a table of values. The current
temperature is shown in the temperature display. Appendix C has
a (able of Hach liquid and powder buffers showing temperature vs.
PH.

5. Use the Right Arrow and Up Arrow (K9I El Edit keys) to enter
the determined value in the display. The Right Arrow moves the
flashing number to (he next right digit, while the Up Arrow in-
crements the flashing number. Sec page 21 for a detailed descrip-
tion of the Up Arrow key.
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[If (he temperature probe is not connected, determineUemperature
of the buffer and enter it in the temperature display using the Right
Arrow and Up Arrow. Use the Right Arrow to move the flashing
number from (he display to (he temperature display. The °C will
continue to flash as long as a temperature probe is not connected.]

6. Press: E3 SI will stop flashing. Wait until the pH indicator stops
(lashing momentarily, about four, seconds. The value entered in Step
5 will appear. The S2 indicator and the left most digit now will begin
to flash. Zeros or a previous calibration value will appear in the
display and may be disregarded.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing are the cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

10. Press: 0111 Rinse the electrode with deionized water, place into
sample and press the Dispenser Button. The meter now measures
pH.

11. If desired, press: DO Note the offset and slope used in determin-
ing pH. Press the Review key again to return to measuring pH.

Calibration may also be done using the manual mode first and the
automatic mode second.

ONE-BUFFER CALIBRATION USING AUTOMATIC MODE

1. Press: mm The display will light.

2. Press:

3- Press: mg The Auto indicator will light.

Figure 9. Stability Indicators

SAMPLE PROCEDURE

Calibration and measurement are two fundamental steps in every pH
measurement. Calibration, also called standardization, compensates for
changes in the meter or elcctrodc(s). Measurement determines the sam-

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

6. Press: Ei| Rinse the electrode with deionized water, place into
sample and press the Dispenser Button. The meter now measures
PH.

7. If desired, press: HO Note the offset and slope used in determin-
ing pH. Press the Review key again to return to measuring pH.

ONE-BUFFER CALIBRATION USING MANUAL MODE

1. Press: Pf| The display will light.



Fluctuating readings: If (he screen displays a fluctuating Yeading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing are the cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

V

4. Rinse the electrode with deionized water after sample measurement.

Notes

A. pH buffer solution preparation is easy with Hach pH Powder Pillow
Buffers. Powder pillow packaging ensures the proper proportion of
fresh, contaminant-free reagent. Prepare buffer solutions by adding
the contents of one powder pillow to 50 mL of deionized water and
mix. Premised pH buffer solutions also are available. See Part 5
for product information.

B. When measuring water with a low buffer capacity (such as boiler
condcnsate or high purity natural water), it may be necessary to
cover the solution during measurement to prevent change in the car-
bon dioxide concentration of the sample.

C. Stirring the sample with the Hach One during measurement is
recommended. Slow to moderate stirring will speed the response
and will not shift the potential—as can occur with conventional
porous junction electrodes. For field measurements the sample may
be stirred with the electrode. For lab measurements a magnetic stir-
rer and stir bar work best.

D. Do not immerse the electrode past the blue body of the probe in
a solution.

Reagents and Apparatus—Sec Part 5, Reagents and Apparatus.
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OPTIMIZING pH ELECTRODE PERFORMANCE

The greatest source of pH measurement error is a clogged reference junc-
tion. A clogged reference junction causes variation or irregularities in
the liquid junction potential. The Hach One is designed so that the liq-
uid junction potential is kept to a constant and minimal value.

Response Time

Normal response time in buffered solutions.is only a few seconds. The
response time will be slower, perhaps up (o three minutes, in weakly buf-
fered solutions from 10° M buffer to pure water. Conventional electrodes
with porous junctions may require as much as 40 minutes in similar low-
ionic strength solutions. Response time slows as the ionic strength and
temperature decrease. If the response lime becomes slower than usual,
clean and soak the glass membrane in deionized water as described in
Part 3, Maintenance-Normal Electrode Cleaning.

Storage

The Hach One can be stored dry in air without harm to the glass mem-
brane. The glass will rchydratc quickly when immersed in water, and
an immediate response is obtained in concentrated solutions like calibra-
tion buffers. For measurements in low ionic-strength samples, the elec-
trode should be conditioned by immersion in deionized water.

Technique

It is better to stir the sample gently than to measure a still sample. Stir-
ring the sample speeds the Hach One response dramatically in low ionic-
strength samples. Conventional electrodes with ceramic junctions can give
variable and shifted potentials upon stirring.

With the Hacli One Electrode, press the Dispenser Button for more
solution if the readings become erratic.
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Temperature Factors

To optimize electrode performance, the electrode, buffers and test samples
should be equilibrated at the same temperature prior to measurements.
When transferring your electrode from one solution to another, rinse the

• tip thoroughly with the solution to be measured next or with deionized
water.

Electrode solution cartridges that have been exposed to cold temperatures
should be examined visually to be sure crystals, which could enter and
obstruct the electrode solution tubing, have not formed inside the car-
tridge. If crystals arc present, warm the cartridge, shaking it several times,
until all crystals are redissolvcd.

The electrode is intended for continuous use in samples with temperatures
ranging between 0 and 45°C (32 to 113'F). Prolonged use at higher
temperatures will shorten its useful life, but intermittent use up to 100'C
has no noticeable effect. At temperatures near 0DC, the measurement lime
for the electrode will increase.

The electrode solution cartridge contains 2.2 N KCI saturated with AgCI
in 40% glycerin lo enable (he electrode to withstand freezing conditions.

If the temperature probe is malfunctioning or not plugged in, the
temperature may be entered using me Edit keys. In some situations it
may not be necessary to enter a temperature if the currently displayed
temperature is correct. Temperature influences two different factors in
every pH measurement. One factor is the temperature of the silver-silver
chloride reference elements and glass bulb. The Hach One pH Meter
has been designed to compensate automatically for the electrical changes
in the reference elements and glass bulb due to temperature. Because of
this design, every three degrees Celsius difference between the displayed
temperature and the actual solution temperature will cause a one percent
deviation per pH unit difference from pH 7. This means at pH 3 the ef-
fect of temperature on the pH measurement, when there is a difference
in temperature from the display to the actual temperature, is more signifi-
cant than at pH 6. The second factor is the solution temperature. Though
a solution is labeled a pH 4.01 buffer, the actual pH is 4.01 only at 25°C.
At other temperatures the pH will vary slightly depending on the
characteristics of the chemicals used in prcparinn the huffcr. In the
automatic buffer recognition mode, the Hach 0m -r will give
ihe actual pH value. In the manual calibration M be
consulted for the pH of the buffer ;;; .

42

Drift

In weakly buffered alkaline solutions, absorption of carbon dioxide from
the atmosphere is a major cause of downward drift of pH readings. Loss
of volatile acids or bases may cause drifting as well. Drifting is minimized
by covering the sample during measurement.

Sodium Error

Acid error is negligible and negative sodium error, usually present in
alkaline solutions, is low. even at pH values as high as 12. To determine
the sodium error in pH units, measure the apparent pH and sodium con-
centration of the test solution and determine the error from the Sodium
Ion Error Graph in Figure 10. Do this by locating the point (on the ap-
propriate pH horizontal grid line) representing the sodium concentra-
tion based on the extrapolation between the 229. 2,290 and 22.900-mg/L
Na plots. The vertical grid line at that point will indicate the negative
sodium error (in pH units) that should be added lo the apparent pH meter
reading.

TYPICAL SODIUM ERROR .
FOR HACH ONE COMBINATION;

pH ELECTRODE (AT 25"C)

It .IS .11 .1

N«* I HUGH |»H UMIS1

Figure 10. Sodium ion Error Graph
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MILLIVOLT MEASUREMENT

The Hach One Portable pH Meier may be used to read millivolts at any
lime by pressing the mV key. The mV indicator will light. With the pro-
per probe, values from -1999 mV to 1999 mV may be read in this mode.
If the reading is outside of this range the error message, E 8. will appear
in the display.

For readings in the range of -999.9 to 999.9 mV, the meter will display
tenths of millivolts. For readings outside of this range the the meter will
display readings to the nearest millivolt.

MILLIVOLT ZEROING

The meter may be zeroed for millivolt measurements by following this
sequence:

1. Turn off the meter.

2. Insert the straightened end of the shortest bend of a No. I, steel
paper clip into the inner hole of the BNC receptacle; see Figure
II. Push the remainder of the paper clip so that it will slip into
the inner sleeve of the receptacle. This will electrically short the
BNC connector.

Actual Slza

Figure 11. Zsrclng !hs Hach Ons Me!,).
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3.

4.

Press and hold:

Press and release:

Release: ITiVJ
The mV indicator will light, and after about 10 seconds the meter
will read 0.0 mV ±.2 mV.

If there is a meter malfunction that will cause the reading to be less
than -50 millivolts or greater than 50 millivolts, the error message.
E 6, will appear. Additional troubleshooting information appears
in Part 4.

If the above procedure is used routinely, a BNC shorting cap (Cat. No.
19024-00) is recommended to prevent damage to the gold contact of the
BNC connector. Hach recommends that zeroing be done only when
deemed necessary by the user and/or when replacing the battery. The
instrument has been designed to maintain zero.

Because of the millivolt range of -1999 to +1999 mV. the Hach One
Portable pH Meter can be used with ORP (oxidation-reduction poten-
tial) probes and many ion selective electrodes.
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PART 3. MAINTENANCE

BATTERY REPLACEMENT
A low battery is signaled by the lighted battery indicator on
the LCD display. When the voltage becomes too weak to
operate the meter circuits, the instrument will turn itself off
after two seconds while maintaining calibration data in
memory. Replace the battery; see Part 1, Battery Installation.

CARTRIDGE REPLACEMENT
To replace the electrode solution cartridge, press the PLUNGER
RELEASE BUTTONS on the sides of the dispenser and slide the plunger
all (he way to PRIMING KNOB end of the meter. Remove the cartridge
from the meter.

ELECTRODE STORAGE
The electrode may be allowed to air-dry during storage with no damage
and need not be kept wet or immersed during storage. A dry electrode
responds quickly to strong solutions, like buffers, within 15 minutes after
being placed in service. For fastest response in dilute, low ionic-strength
samples, the glass membrane can be stored in deionized water. Storage
in deionized water is acceptable because the free-diffusion junction of
the Hach One cannot be clogged by precipitated AgCI. Note: Storing
any glass membrane in water causes gradual deterioration as ions are
leached from the glass.

If the electrode is to be stored for an extended period of time it should
be prepared as follows: Disconnect the electrode solution tubing from
the solution cartridge. Using a syringe, inject approximately 20 mL of
deionized water through the electrode solution tubing to flush out the
electrode solution. Use a dry syringe to force air through the electrode
solution tubing to dry it. Install the cap with the cotton wad on the end
of the electrode. Do not add any solution to (he cotton wad. Replace the
plug in the end of the electrode solution tubing. Follow instructions in
Part I to place the electrode in service again.

NORMAL ELECTRODE CLEANING

WARNING
The hydrochloric acid and sodium hydroxide used is this procedure may
be hazardous if inappropriately handled or accidentally misused. Please
read all warnings on the reagent labels.

When the electrode response becomes sluggish or the electrode is foul-
ed, it should be cleaned. Normal cleaning procedures follow: immerse
the electrode tip in 0.1N Hydrochloric Acid followed by immersion in
0.1N Sodium Hydroxide and again in 0.1N Hydrochloric Acid, each for
a two-minute period. Rinse with deionized water; soak in deionized water
for at least 15 minutes.

Oils and rats can be removed by immersing the electrode tip in a detergent
solution such as Alconox. Use a soft brush or ultrasonic bath if necessary.
Avoid scratching the glass bulb!

Organic films may be removed from the glass bulb by using an appropriate
solvent, such as methanol or acetone.

If the glass bulb becomes contaminated, it may be reconditioned by follow-
ing the above cleaning procedure.

If these steps fail to improve electrode response, replace the electrode.

CRYSTAL FORMATION IN REFERENCE TUBE
The electrode solution for the reference portion of the electrode contains
2.2 N potassium chloride. Thus, temperature variations may cause crystals
to form (which may interfere with free flow of electrode solution to the
reference junction). These deposits are removed easily by immersing the
area where crystals have developed in warm water (approximately 30"C
or 86°F)for three to five minutes. If the crystals develop near the lip.
immerse the electrode tip (or the entire electrode if necessary). If the
area of blockage is unknown, the entire electrode and tube can be im-
mersed. Do not immerse the instrument connectors. After the blocked
area has been immersed for a few minutes, turn the PRIMING KNOB
counterclockwise to flush electrode solution through the system. If crystals
arc nrcscp' : • ' • • • electrode solution cartridge, remove the cartridge from

;i;orsc the cartridge in warm water. Shake
.illy unti l all crystals arc rcdissolvcd.
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PART 4. TROUBLESHOOTING

Hach One pH Meter troubleshooting is easy. Four different tools are
available. First, the offset and slope may be monitored using the Review
key. Second, prompting indicators are used to display potential problems.
Third, error codes have been designed to notify the user when the
measurements are not performed accurately either due to operator error
or to probe characteristic changes. These error codes are listed below.
Fourth, a Troubleshooting Guide is provided. Common problems are
solved easily by following these simple steps.

Both of these conditions may be corrected by verifying there is adequate
electrode solution ai the junction and no air bubbles are present in the
electrode solution tubing or glass bulb. Air bubbles in the electrode solu-
tion tubing arc the most common problem.

The probe indicator will remain on if the calibration offset deviates from
0.0 mV by 60 to 120 mV and/or the slope deviates from the ideal
slope of -59.2 mV/pH unit by 15 to 30%. Use the Review key
to note the offset and slope. Correct a wrong offset by a one-
buffer calibration. Correct a wrong slope and offset by a two-

buffer calibration or return to the factory-set calibration.

REVIEW KEY
In the pH mode the Review key will display, when pressed, the offset
in millivolts in the display and the slope in millivolts per pH unit in the
temperature display. For the Hach One Combination pH Electrode

expect to see offset voltages deviating from 0.0 by 15
millivolts or less. The expected slope may deviate from
-59.2 millivolts per pH unit by five percent. Values
greater than these indicate the meter is unable to detect
stable conditions. One alternative is to wail for 30 to 60

seconds before pressing the Standard key during a calibration. Another
response is to clean the electrode as described in Part 3—Normal
Electrode Cleaning.

REVIEW

LOW BATTERY

The battery indicator lights when the battery is low. When the voltage
becomes too weak to operate the meter circuits, the instrument will
(urn itself off after two seconds while maintaining calibration data
in memory. To save the calibration values during battery

replacement:

1. Turn the meter off.

2. Have a replacement battery ready.

3. Switch batteries within 15 seconds.

PROMPTING INDICATORS

UNSTABLE READINGS

^^_ pH — During a calibration the pH indicator will flash indicating the reading
"/, .\~ is not yet stable.

UNCONNECTED TEMPERATURE PROBE

— °C — The °C indicator will flash if the temperature probe is not connected
// I \\T" to the meter.

— ^n^L During a pH measurement the probe indicator, in pH mode will flash
"//1 iC" if 'he pH reading is unstable.
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ERROR CODES
Error codes will appear as E followed by a value of one to eight, tach
error code is listed with a description of the cause and the possible cor-
rective steps.

r
u

E

E

E

' The probe voltage reading is out of range in the pH mode. It is greater
than 19.99 pH or less than -1.99 pH. This will occur when the meter
is turned on and/or the electrode is removed from a solution. It may cor-
rect itself when placed into a solution. If E 1 appears while in a solu-
tion, air bubbles in the electrode solution tubing are probably the cause.
Air bubbles are removed by dispensing more electrode solution with the
Dispenser Button. More air bubbles can be removed by turning the
Priming Knob counterclockwise. Other corrective steps may be to change
id mV mode or connect the electrode to the meter. In rare cases, air
bubbles in the glass bulb are the cause; see Electrode Installation, Step 2.

The deviation from the ideal pH slope of -59.2 rnV/pH unit is greater
than 30%. Recalibrate with a two-buffer calibration or use previous
calibration. To use the previous calibration turn the meter off, turn it
on and press the pH key. The factory-set calibration may be used by remov-
ing (he battery for at least Five seconds while the meter is on.

I The probe mV offset is greater than 120 mV or less than -120 mV.
Recalibrate or use previous calibration. To use the previous calibration,
turn the meter off, rum it on and press the pH key. The factory-set calibra-
tion may be used by removing the battery for at least five seconds while
the mcicr is on.

The pH reading has not been recognized as one of the 4.01,7.00 or 10.00
pH standards in the automatic buffer recognition mode. If appropriate,
try the standard again by putting the electrode in a different solution.

Both calibration buffers have the same nominal pH value. The two pH
buffers must be at least 1 pH unit apart. Recalibrate with different buf-
fers or use previous calibration. To use (he previous calibration, turn the
meter off, (urn it on and press the pH key. The factory-set calibration
may be used by removing the battery for at least five seconds while the
rnctcr is on.

E 5

E 1

E 8

The voltage is read as less than -SO mV or greater than SO mV while the
mcicr is being /.ciucu in iniiiivoil mode. Verify if uic iiiuuiiig clip was
installed correctly and redo the Millivolt Zeroing Procedure. If still unable
to zero, contact the Hach Factory Service Center.

The temperature is outside the range for automatic buffer recognition,
0 to 60°C. There are three different conditions that would cause this er-
ror code.

1. The electrode was placed in a buffer with a temperature outside of
the range 0 to 60°C.

a. Use the manual mode and input the correct temperature.

OR

b. Immerse the electrode tip into a buffer with an appropriate
temperature and press the Standard key.

2. The temperature probe was not plugged in. The *C will be flashing
as well. Plug in and press the Standard key.

3. The temperature probe is defective. The * C will be flashing even
though it is plugged in.

a. Replace the probe.

OR

b. Follow the manual calibration procedure and input the cor-
rect temperature.

OR

c. Use a separate temperature probe (Cat. No. 43976-00).

The millivolt reading is less than -1999 mV or greater than +1999 mV.
Verify ihc probe is connected and follow the suggestions for Unstable
Readings in the Prompting Indicators section.
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TROUBLESHOOTING GUIDE

Step 1. Is the display working?

Press and hold P.̂ . Verify (hat all (he segments are lighted. The
display will appear as shown in Figure 12. Release Q. Failure of
all (he segments to light at once does not mean the instrument will not
operate properly. Occasionally, a few segments do not light during this
lest when (hey are still operable. You can check these segments by
pressing (he appropriate mode and calibrate keys that will activate the
questionable segments. If (hey still fail, contact the factory service
center for assistance. Refer to Repair Service.

£1 Q O n O PH

S2UU.CJ.<J mV

Qrif 88B.B °c
Figure 12. Display

Step 2. Are readings erratic?

In the event of a malfunction, verify that air bubbles have not stopped
the diffusion of electrode solution at the junction. Five complete
counterclockwise (urns of the Priming Knob should purge the electrode
solution tubing of all air bubbles. Air bubbles arc (he most common source
of electrode malfunction.

Step 3. Is i( the meter or the electrode?

Verify that the mclcr is operating properly by zeroing the instrument with
a slccl paper clip as described in Part 2, Millivolt Zeroing. The mclcr
is the least common source of error. If (he meter zeros, the most orob-
ablc source of error is the electrode.

Step 4. How to check the electrode.

1. Visually inspect the electrode for air bubbles in the reference junc-
tion and glass bulb. Air bubbles in either location will cause the
electrode to malfunction. To remove air bubbles from (he reference
junction, use (he Priming Knob to dispense additional electrode solu-
tion. To remove air bubbles from the glass bulb, shake the elec-
trode down as you would a clinical thermometer.

2. Visually inspect the glass bulb for cracks or breakage. The elec-
trode must be replaced if the glass bulb is cracked or broken.

3. Is (he electrode solution flowing through the reference junction? Im-
merse the glass bulb in the electrode tip in a glass beaker of clear
water and depress (he Dispenser Button. You should see electrode
solution falling from the electrode tip to the bottom of the beaker.

If the electrode solution tubing is plugged, use a syringe attached
(o the electrode solution (ubing connector to force air through the
junction. Or, soak the probe in warm water.

4. Check the electrode electrical connections. Place the electrode in
a solution of known pH. Gently flex the cable at the top of the elec-
trode and at the BNC connector. Erratic readings at (his point in-
dicate a poor cable connection. The electrode must be replaced.

OTHER POSSIBLE CONDITIONS

DISPLAY

The display shows only partial digits, behaves in an erratic manner or
if the instrument cannot be turned off with the power switch. Correct
by removing the battery for a few seconds while the meter is on to restore
(he factory-set default conditions. If the condition persists, contact the
Hach Factory Service Center.
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SLOW RESPONSE

Low ionic-strength samples will cause a slower than normal response
time, perhaps up to three minutes, in weakly buffered solutions from 10"J

M buffer to pure water. Conventional electrodes with porous junctions
may require up to 40 minutes in similar low ionic-strength solutions. Clean
the electrode glass bulb with a soft brush or towel. The glass bulb is
easily scratched impairing electrode response. Therefore, clean careful-
ly. Remove organic material from the electrode with acetone or alcohol.
If acetone or alcohol is used, soak the electrode in deionized water for
at least 30 minutes to quiet eleclrddc response.

Response lime may slow temporarily when the ionic strength of the
measured solution changes greatly. The response time may be raster if
the electrode is conditioned prior to use in a solution of approximately
the same ionic strength. The length of time required to condition the elec-
trode for different applications must be determined by the user. Two signs
that conditioning is necessary are a probe indicator that flashes longer
than usual and/or a slow drifting measurement over time. Drift-may be
due to volatile acids or bases in the sample, or absorption of atmospheric
carbon dioxide, sulfur dioxide and ammonia.

INCORRECT TEMPERATURE READINGS

Verify the temperature probe is connected to the meter. Unplug the
> I , temperature probe and enter the desired temperature manually.

^ ,c ^ Other alternatives would be to replace the electrode or
•/, .<^ substitute a separate temperature probe. If the °C flashes when

the temperature probe is plugged in, the probe is defective.
Either replace the probe or input the correct temperature with the Edit keys.

1( the problem Is still unknown, contact the Hach Factory
Service Center, 800-247-3990.

PART 5. SERVICE

REPLACEMENT ITEMS AND ACCESSORIES

REPLACEMENT ITEMS
Description . . Cat. No.
Portable Hach One pH Meter. Complete Kit 43800-00
Hach One Combination pH Electrode 44200-51

with Temperature Sensor, BNC Connector and (36") Cable
Electrode Solution Cartridge 21950-01
Beaker. 100 mL (2 required) 22994-42
Battery. 6 volt J type . 43816-00

or Duracell /(T7K67, Varta J4018T, Evercady f539
Buffer Powder Pillows. pH 4.01 (red) and pH 7.00 (yellow) 22992-64

10 each
Instruction Manual 43800-88
Clipper, Large ' 968-00
Carrying Case 43818-00

OPTIONAL REAGENTS
Buffer, Powder Pillows

pH 4.01. 50/pkg* color-coded red
PH 5.00, 15/pkg
pH 6.00. 15/pkg
pH 6.86, 15/pkg
pH 7.00, 50/pkg* color-coded yellow
pH 8.00. 15/pkg
pH 9.00. 50/pkg*
PH 9.18. 15/pkg
pH 10.00, 50/pkg* color-coded blue

Buffer Solutions
pll 4.00, 473 mL (pi)*, clear solution
pH 4.00, 473 mL (pt), color-coded red
pll 7.00, 473 mL (pt)*, clear solution
pll 7.00, 473 mL (pt), color-coded yellow
pH 10.00, 473 mL (pi)*, clear solution
pH 10.00, 473 mL (pt), color-coded blue

Hydrochloric Acid Standard Solution,

•mvdcr Pillows

Solution,

22269-66
14097-95
14055-95
14098-95
22270-66
14097-95
14107-66
14102-95
22271-6

12223-11
22834-11
12222-11

22835-U
12221-U

22836-11
14812-16

M345-98

191-16
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OPTiONAL APPARATUS
BNC Shorting Cap 19024-00
Dcmincralizcr Boitle. 177-mL (6 oz) 14299-00
Hach One Combination pH Electrode 44300-51

with BNC Connector and (36") cable
without Temperature Sensor

Ion Selective Electrodes
Complete Fluoride Analysis Package 13034-01
Hach Fluoride Electrode, BNC Connector . 44500-01

Requires Hach One Reference Electrode 44250-00
Hach Sodium Combination Electrode, 21674-00

US Standard Connector
Hach Nitrate Electrode, US Standard Connector 22339-00

Requires Double Junction Reference Electrode 22558-00
US Standard to BNC Adapter for 18809-00

Sodium and Nitrate Electrodes
Rack, with 10 sample bottles and closure 18614-00
Scoop, Measuring, 3.5 cc 17044-00
Spatula, stainless steel 561-62
Stainless Steel Temperature Probe 43976-00

316 stainless steel, thermistor sensor, interchangeable.
Includes BNC shorting cap.

Thermometer, armored, -10 to 100'C 1877-01

HOW TO ORDER
Mail Orders
Hach Company World Headquarters
P.O. Box 389
Lovcland. Colorado 80539 U.S.A.

Telephone Orders
Toll-free number: 800-227-HACH in continental U.S.A.. Puerto Rico.
Hawaii and U.S. Virgin Islands. In Alaska and Canada, call collect:
303-669-3050. (Canadians should ask for the International Sales
Department.)

For bulk quantities and custom chemical products
Toll-free number: 800-247-3990 (In Iowa, call 515-232-2533)

For factory service see Repair Service section.

For all other questions not related to ordering or service contact:
HACH WORLD HEADQUARTERS
Toll-Frcc: 800-227-HACH (Continental U.S.A.)
(In Colorado and Outside Continental U.S.A. 303-669-3050.)

TWX (TELEX) ORDERS 910-930-9038 (HACH LVLD)

Please specify:
Catalog number
Brief description of item
Quantity and size
Shipping address
Billing address
Purchase order number
Your name and phone number

Call or write for free quotations.
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REPAIR SERVICE
If you need factory service on your instrument, please write or caii the
Hach Factory Service Center first for instructions, call toll-free
800-247-3990.

Hach Factory Service Center
100 Dayton Ave.
P.O. Box 907 .
Ames. IA 50010
(515) 232-2533 (Iowa)

Regional Service Offices
57th St., Lindbergh Pkwy.
P.O.' Box 389
Loveland. CO 80539
(303) 669-3050

Hach Company
7854 Browning Rd.
Pennsauken, NJ 08109
(609) 662-0034

Hach Company
1901 Production Rd.
Ft. Wayne. IN 46808
(219) 482-3015

Hach Company
2046-1 West Park Place
Stone Mountain, GA 30087
(404) 498-0511

Hach Company
46711 Fremont Blvd.
Fremont, CA 94538
(415) 651-1120

Hach Company
13003 Southwest Freeway Suite 150
Stafford, TX 77477
(713) 240-8066

WARRANTY
Hach warrants the Hach One pK Meier 2nd the Hach One Combination
Electrode against defective materials or workmanship for one year from
the date of shipment. Warranties do not apply to limited life components
such as batteries.

Hach's Terms and Conditions of Sale are printed on the back of Hach
invoices.

CLAIMS
We take extreme care to fill and pack orders properly. If errors or damages
do occur, report shipping damage to the carrier immediately and contact
the Hach Factory Service Center as soon as possible (always within two
weeks of receipt).

RETURN OF ITEMS
Authorization must be obtained from Hach before returning items for
any reason. For credit or replacement, call toll-free 800-247-3990. All
"Freight Collect" shipments of returned merchandise must be refused.

LIMITS OF USAGE
Our chemicals are offered for laboratory and manufacturing use ONLY.
They may not be used as drugs, cosmetics or food additives.

If you are located in Canada, Latin America, the Caribbean, the Far East
or the Pacific Basin, please contact Hach Company, World Headquarters,
P.O. Box 389. Loveland, Colorado 80539, U.S.A.. Telephone (303)
669-3050rTWX (Telex) 910-930-9038. Customers located in Europe, the
Middle East or Near East, or in Africa, please contact Hach Europe,
S.A./N.V., B.P. 51. B5000 Namur 1, Belgium. Telephone (081)44.53.81,
Telex 846-59027.
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APPENDIX A
THEORY OF pH MEASUREMENT

Technically, pH is a measure of the hydrogen ion activity in a solution
and is defined as: -logn aH> where a,,, is the activity of the hydrogen
ion. Practically, this means (hat at pH 0, the hydrogen ion concentration
is I X 10" times greater than at pH 14. This also means the hydroxyl
ion concentration at pH 14 is 1 X 1014 times greater than at pH 0. When
(he hydrogen and hydroxyl ions are present in equal numbers (the neutral
point), (he pH is 7. pH values from 0 to 7 are termed acidic and those
from 7 10 14 are termed basic. It is important to note (hat a pH change
of one unit (for instance from pH 6 to pH 7) actually is a faclor-of-10
change in hydrogen ion concentration.

The glass membrane of a pH electrode responds to the hydrogen ion ac-
tivity by developing an electrical potential at (he glass/liquid interface.
At a constant temperature, this potential varies linearly with the pH of
the solution being measured. The change in potential per pH unit is termed
the slope of the electrode. The slope of the electrode increases linearly
with temperature.

Potential inside the pH electrode is fixed by the filling solution, and the
reference electrode potential is constant. For these reasons, any change
in the potential of the electrode system at a given temperature will be
due to changes in the pH of the solution being measured.

Effects of temperature on pH measurements depend on the reference elec-
trode used, pH of (he solution within (he pH electrode and pH of the
test solution. At a certain pH, temperature will have no effect on the poten-
tial of the electrode system. This is known as the isopotcntial point. Also,
at some pH level, the system will exhibit no potential. This is known
as the zero potential point. Both the isopotential and zero potential points
arc features designed into electrodes. Hach electrodes arc designed so
the isopotcntial and zero potential points arc at pH 7 to minimize
temperature effects at this calibration point.

CONVENTIONAL ELECTRODE DESIGN
Electrodes used in pH measurement usually consist of a glass half-cell
and a reference half-cell. The glass half-cell is a (hin pjass "-rr
separating two solutions. The outer solution is the
The internal solution is enclosed with the glass ::•
known pH. An electrical potential difference appc.i
solutions. A second half-cell, or reference cU-ct:
sample solution is necessary to complete mcasurci , .

The function of (he reference half-
cell is to maintain a constant poten-
tial with respect to the sample solu-
tion regardless of any change in
ionic strength or pH of the sample.
Thus, the reference half-cell main-
tains constant potential to act as a
reference standard and the glass
half-cell has a potential difference
depending on the pH of the sample
solution. Glass and reference half-
cells may be contained in two
separate enclosures or electrodes,
or they may be combined into a
single enclosure and called a com-
bination electrode; see Figure 13.

Most electrode pH measurement
problems are related to the failure
of the reference half-cell to main-
tain constant potential. The prob-
lem is most obvious when making
pH measurements on two sample solutions with a great difference in ionic
strength. An example would be when a pH meter is calibrated with buf-
fers of high-ionic strength and followed by measurement of a low ionic-
strength sample, such as drinking water. The problem also exists in less
extreme cases but errors in pH measurement result just the same. Figure
14 shows the variation in junction potential with log buffer strength for
an aged Hach One and an aged porous ceramic junction electrode. The
Hach One maintained a nearly constant potential, but the conventional
electrode varied up to 32 inV as the sample changed from normal strength
buffer to pure water. At 58 mV/dccade this change would result in a dif-
ference of 0.5 pH units. To maintain a constant potential, ihc reference
half-cell contains a concentrated salt solution, commonly potassium
chloride (KG). The reference solution must be able lo flow freely to the
sample from the half-cell via diffusion or through a flowing junction.

Figure 13. Conventional Electrode
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Figure 14. Junction Potential Compared to Butter Strength
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The porous junction of a conventional reference half-cell is made of
ceramic or Tiber. With lime, the junction will become clogged with silver
chloride or contaminants, causing large variation in the junction poten-
tial. In addition, reference solution can be contaminated or diluted by
back diffusion of sample into the junction. Paniculate contaminants may
be introduced into refillablc electrodes in the Tilling solution. Clogged
or fouled junctions can cause drift along with inaccurate, noisy, erratic
and sluggish pH measurements. The performance of conventional porous
junctions deteriorates as they age because of clogging.

Hach One Electrodes solve this clogging problem br/?--"«se they use a con-
tinually renewed liquid junction; sec F;"" ic or
fiber plug to become clogged. The free •'. ,-,vn
to give the most accurate results been .(;;jon
potential.

SHIELDING-

FREE-FLOWING
REFERENCED
JUNCTION

' ~^_^ ELECTROLYTE
^—- T'JSE FROM

DISPENSER

SILVER-
•SILVER CHLORIDE

REFERENCE
ELEMENT

GLASS
ELECTRODE

BULB

Figure 15. Hach One Combination pH Electrode

If the junction potential changes with the sample's ionic strength, the
changes arc read as part of the potential due to the hydrogen ion activity.
This can cause an error in the pH reading. Figure 16 shows an aged con-
ventional porous ceramic junction electrode (lop) equilibrated in dcionizcd
water until a steady reading was obtained. The ionic strength was chang-
ed by adding a neutral salt. KCI. The apparent pH reading changed by
0.4 pM units. In the bottom graph the same electrode was rclcstcd, but
with the reference electrode replaced by an aged Hach One reference elec-
trode. Addition of KCI has lilllc effect on the pH reading because the
reference junction is stable.
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CONVENTIONAL POROUS

CERAMIC JUNCTION ELECTRODE

HACH ONE

Figure 16. Influence of Ionic Strength on pH Electrode

CHECKING ELECTRODE RESPONSE
The proper electrode response is relatively easy to check. Begin with
a 6.86-pH buffer prepared by adding 3.388 grams of K2P04 (potassium
phosphate, monobasic) and 3.533 grams of Na2HPO4 (sodium phosphate,
dibasic) to deionized water and dilute to one liter. Or, dissolve the con-
tents of one Hach Buffer Powder Pillow (Cat. No. 140987) to 50 mL of
dcionized water. Label this solution A.

Pipci 5 mL of solution A to a mixing cylinder and add dcionized water
for a total volume of 50 mL. Label this solution D. Solution B is a l-in-10
dilution of solution A.

Use solution A as the first buffer to calibrate the pH meter at 6.86 pH,
25*C.

Use a second buffer at pH 4.01 to calibrate ihe meter. The 4.01 pH buf-
fer may be prepared by adding 10.12 grams of potassium hydrogen
phihalatc (potassium acid phlhalatc) to dcionized water and diluting to
"iC liter. Or. dissolve the contents of one Hach Buffer Powder Pillow

(Cat. No. 22269) in 50 mL dcionized water.
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Thoroughly rir.sc the c!cc!rodc(s) we!! with dcionized water and measure
solution B. If the reference junction is functioning properly and junction
potentials arc well-behaved, the meter should read 7.06 ± 0.01. In one
recent study conducted by John Hlingwonh * 30 electrodes were selected
at random from seven laboratories. Twenty-four of the electrodes failed
the test. Hach researchers found similar results. Errors as large as ±0.5
pH units were observed among older combination ceramic junction elec-
trodes. Of the electrodes tested by Hach, only the Hach One Combina-
tion pH Electrode gave the correct pH value.

INFLUENCE OF IONIC STRENGTH
Illingworth also reported changes in sample ionic strength caused large
pH errors in used combination electrodes.

He found a varying junction potential gave rise to an error of 0.2 pll
per ten-fold change in buffer strength. Davison and Wooft tested elec-
trodes with various dilute solutions and natural waters and found errors
up to 2.6 pH.

A simple test demonstrating the influence of ionic strength on pH measure-
ment is performed as follows.

1. Calibrate the clcctrode(s) as outlined in the above Checking Elec-
trode Response section.

2. Place the electrode into 250 mL of stirring deionizeJ water and allow
the electrode response to stabilize. Note the pH reading.

3. Add 50 nig of ullrapurc solid KCI. Allow the electrode response
to stabilize. Note the pH reading.

•Illingworth. John A.. "A Common Source of Error in pll Measurements." DiiK.hemical
Jounul (1981) 195. 259-262. To receive a free reprint wrile or call Hath and ait for literature
number 6061.

t Davison. W.; Wxif. C, " Performance Tcsu for ihc Measurement of pll with Clan like-
trodcs in'lxjw ionic slicnglh Solutions Including Natural Watera." Analytical Chemistry
(1385). 57. 2567-25X).
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The addition of the KC1 changes the sample from a low ionic-strength
solution to a moderate ionic strength solution. In one studyf the above
test was performed with the Hach One and other conventional electrodes.
After the addition of (he KC1, the Hach One stabilized at the same level
as before the addition of KCI. Porous junction electrode potentials decreas-
ed by as much as 0.42 pH (25 mV); see Figure 16. The addition of ultrapure
KCI lo deionized water provides a quick, easy-to-perform performance
check of the reference junction in an electrode. If the junction is allow-
ing adequate flow or diffusion of electrode solution, the potential will
change very little upon addition of KCI, less than 0.08 pH (3 mV). The
Hach One is designed to provide junction potential stability, giving more
accurate measurements, especially with low ionic-strength samples. Try
this test with conventional porous junction electrodes after they've been
in use for a few weeks!

{Kopclove, Alan B.; Franklin. Stanley J.. submitted for publication. "Performance Tcsti
of Reference Junctions in Combination pH Electrodes," Hach Company, Lovcland, Colo.,
1986.

APPENDIX B
RAINWATER AND ULTRAPURE WATER

The Hach One is ideally suited for rainwater and ullrapurc water pH
measurements. This procedure consists of three pans, calibration, con-
trol and measurement, in that sequence.

The electrodes should be conditioned in deionized water when not in use.

CALIBRATION

1. Calibrate the instrument by following instructions in Part 3, pH
Calibration. Two buffer solutions are recommended (for instance.
pH 4.01 and pH 7.00).

Use either Hach Powder Pillows or National Bureau of Standards
(NDS) Standard Reference Materials.

SRM 185c (pH(s) 4.004 at 25'Q and SRM 186Ic/186flc (pH 6.863(s)
at 2S*C) are available for purchase from:

Office of Standard Reference Materials, NBS. Washington. DC
20234

CONTROL (OPTIONAL)

2. If required, electrode performance and calibration can be verified
with rainwater reference samples such as NBS Simulated Rainwater.
Reference Material 8409.

a. Insert the elcctrodc(s) into a clean 50-mL beaker containing 10
to 20 mL of the prepared rainwater reference solution.

b. Dispense electrode solution and gently swirl or stir (he sample.
Stirring the sample continuously is recommended.

c. When the reading has stabilized, record the pH value. Calculate
the difference between the assigned pH value of me reference

•„ - ,.| .1.. ~.-:,<;iircd value. The difference should be less
':;it the calibration and control sequence.
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MEASUREMENT

3. Rinse declrode(s) thoroughly with dcionizcd water.

4. Insert the electrodc(s) into a clean 50-mL beaker containing 10 to
20 mL of sample. The glass bulb and junction tube must be
immersed.

5. Dispense electrode solution and gently swirl or stir the sample.

6. Record the pH value after the reading stabilizes. This may lake
several minutes. Record the sample temperature and report it along
with the pH.

7. The Hach One Electrode can be conditioned for low ionic-strength
samples by immersing the electrode lip in deionized water and
minimizing exposure to concentrated solutions such as buffers.

Reagents and Apparatus. Sec Part 5. Replacement Items and Accessories.

SOSL pH
Buffer pH, Lime Requirement
Using Lime Requirement Duffer 1 Powder
For 1:2.5 Soil Slurry

CALIBRATION

1. Calibrate the instrument by following instructions in Part 3. pH
Calibration. Two buffer solutions are recommended (for instance,
pH 4.01 and pH 7.00).

MEASUREMENT

2. Fill a 3.5-cc scoop with screened soil, tap the handle (o settle the
soil and strike off the excess with a spatula. Transfer two scoopfuls
of each soil sample to bottles with screw caps; see Note A. Fill each
bottle to the 25-mL mark with deionized water. Cap the bottle and
shake for 30 seconds. Allow the sample to stand for at least 10
minutes after shaking.

3. Immerse the electrode in deionized water. Depress the DISPENSER
BUTTON once to dispense reference solution. Then, immerse the
electrode in the sample and stir briefly. Read the sample pH on the
meter. This reading is the soil water pH (pHw); sec Note B.

4. Add the contents of one Lime Requirement Buffer 1 Powder Pillow,
Cat. No. 14345-98, to the sample bottle. Cap the bottle and shake
for 30 seconds. Allow the sample to stand for 10 minutes.

5. Immerse the electrode in deionized water and depress the
DISPENSER BUTTON once to dispense reference solution. Then,
immerse the pH electrode in the sample bottle, stir briefly with the
electrode and read the meter. This reading is the soil buffer pH
(pHb).

6. Aflcr nmplc measurement, rinse the electrode with dcionizcd water
<-lcclr(xlc. Sec Part 3. Maintenance, for proper storage.
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Consult she Lime Requirement T^ble 10 find the limestone recom-
mendation corresponding to the buffer pH of each soil; see Note C,

Lime Requirement Table: Pure Limestone (as CaCOj) Required

Buffer pH

6.8
6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9
5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1
5.0
4.9

Tons/Acre—8" Depth
TopH7

0.1
0.7
1.2
1.9
2.7
3.4
4.2
5.1
5.7
6.7
7.5
8.4
9.1
9.8

10.7
11.5
12.4
13.1
13.9
14.7

To pH 6.5
0.1
0.6
1.0
1.6
2.3
2.9
3.6
4.3
4.8
5.7
6.4
7.1
7.7
8.3
9.1
9.8

10.5
11.1
11.8
12.5
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NOTES

A. Use round bottles with screw caps and a capacity of at least 30 mL.
Prior to the test, use a 25-mL graduated cylinder and add 25 mL
of deionized water to each bottle and mark the 25-mL level in the
bottle. A special shaker rack and 10 sample bottles, Cat. No.
18614-00, are available from Hach.

B. If the soil water pH is 6.5 or higher, there is no need to conduct
the buffer pH test because the results will be meaningless.

C. Table values are based on pure, fine CaCOj. To determine the re-
quirement of agricultural limestone or other liming materials, divide
the table value by the CaCOj assay percentage of the liming material
being used.

Reagents and Apparatus, See Part 5, Replacement Items and Accessories.

Hach One ii » Hach Company trademark.
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The PI 101 is a non-destructive
analyzer; work in a hood if toxic or
hazardous gases are used. In the
interest of greater international
acceptance the HNU Model PI 101-100
Photoionizer has been certified by Sira
Safety Services Ltd. to conform to
Article 501-3 of the National
Electrical Code to be non-incendiary
for Class 1 Division 2, Groups A, B, C
and D locations Effective July 25,
1984.

SIRA Approval #APL/33/84
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TABLE 1-1 cent.

Recharge time from Full recharge - 12 to 14 hours
full discharge

Recharge current Max 0.4 amps at 15 V DC

Battery Charger Power 120 V AC, single phase, 50-60 cycle,
1.5 Amps

NOTE: * When equipped with 10.2 eV Probe with SPAN set at 9.8
and measuring benzene. Values will vary for other
compounds and conditions.
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SECTION 2

OPERATION

I 1 INTRODUCTION/UNPACKING

Unpack the instrument carefully: The carton will contain
the housing, straps, battery charger, additional probes,
regulator and cylinder if ordered, spare parts, supplies and a
manual. Be sure all items are removed before discarding the
carton.

Attached to the instrument is a warranty card which should
be filled out completely and returned to HNU Systems.

2.2 CONTROLS AND INDICATORS

The controls and indicators are located on the front panel
of the readout assembly (see Figure 2-1) and are listed and
described in Tables 2-1 and 2-2.

.-• OPERATING PROCEDURES

The following procedures are to be used in operating the
analyzer:

a. Unclarap the cover from the main readout assembly.

b. Remove the inner lid from the cover by pulling out the
two fasteners.

c. Remove the probe, handle and cable from the cover.
Attach the handle to the front part of the probe.

d. Connect the probe cable plug to the 12 pin keyed socket
on the readout assembly panel. Carefully match the
alignment slot in the plug to the key in the connector.
Screw down the probe connector until a distinct snap
and lock is felt.

e. Screw the probe extension into the probe end cap.
The probe may be used without the extension if desired.

f. Set the SPAN control for the probe being used (10.2,
9.5, or 11.7 eV) as specified by the initial factory
calibration or by subsequent calibrations.

PAGE 2-1



SECTION' 1.2, EQUIPMENT DESCRIPTION cone

The PI 101 is designed for use with interchangeable probes
with lamps of different energies. The analyzer is ready for use
simply by connecting the probe to the readout assembly, setting
the proper SPAN pot value, and then zeroing the unit. Specific
data is given in the calibration memo accompanying each probe.

The standard probe uses 'a 10.2 eV lamp. Two optional
probes use 9.5 and 11.7 eV lamps. Lamps of different eV
ratings, ion chamber and amplifiers are not interchangeable
between probes.

Many applications make use of the principle that some
compounds respond to the more energetic lamps and not to others.
Figure 1-2 shows the responses for the analyzer with each of the
three lamps. Literature explaining several such applications is
available from HNU Systems Inc.

An optional audible' alarm is available giving an 85 decibel
signal when a set concentration is exceeded. The alarm setting
is variable and can be set from 0 to 100Z of full scale of the
meter reading. Power for the alarm is provided by the battery
and does not significantly affect the rated use time of the
analyzer. The alarm is non-latching and is set by a screw
adjustment, preventing inadvertent changes.

When in the stored condition, the probe is contained in the
instrument cover (see Figure 1-3) which attaches to the readout
assembly to form a single unit (see Figure 1-4).

An optional recorder is available that can be directly
attached to the readout assembly. It uses impact paper with a
2" vide chart and a speed of 2"/hour. The recorder is powered
by the instrument battery and provides hard copy of the data.
The analyzer will operate for approximately 4 hours with the
recorder attached. Mounting information and illustration is
given in Section 8.

Specification data on the analyzer is given in Table 1-1.
Physical characteristics of the equipment are given in Table
1-2.
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TABLE 2-1

CONTROLS

Name Position Function

Function Switch

OFF

BATT
(battery check)

STANDBY

0-2000

0-200

0-20

ZERO

Controls the operation of
the analyzer

All operations OFF

Checks the condition of
the battery. If the meter
needle is in the
green arc, the battery is
charged. If not the
battery should be
recharged. Charging can be
done in any position, best
in OFF; see directions on
charger.

All electronics ON,
ultraviolet (UV) light
source OFF. This position
conserves power and extends
battery life. This
position is used to set the
analyzer zero position,
(i.e. no UV light, no
signal)

Sets range of meter at
0-2000 ppra.

Sets range of meter at
0-200 ppra.

Sets range of meter at
0-20 ppm.

With the function switch in
STANDBY position, this
potentiometer is used to
adjust the reading to zero.

NOTE: See Figure 2-1 for locations



PUSH FASTENERS

INNER
PANEL

INSTRUMENT COVER
(FOR STORAGE OF

PROBE)

PROSE EXTENSION

FROsE

PROSE
CABLE

Repeated storage of probe in this wanner
is not recommended due to cable wear.
Instrument cover may also be used lor storing
battery charger.

Jr

V FIGURE 1-3
PROBE STORAGE

INSTRUMENT COVER



TABLE 2-2

INDICATORS AND DISPLAYS

Name Function

Low Battery Indicator Light
(red light)
(see KOTE)

Meter (see NOTE)

Recorder (optional)
(see Figures 2-1 And 8-3)

Illuminates vhen battery is
discharged, indicates need for
recharge.

Do not use.unit when this
light is ON.

Readings may be taken while
battery is being recharged.

Indicates concentration of
measured gas.

Provides a record of readings
while analyzer operates
unattended.
Recorder inputs 0 to -5 V DC.

.VOTE: See Figure 2-1 for locations.
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TABLE 1-1

SPECIFICATION' DATA

\

a. DESIGN1 FEATURES

Range settings

Lamp rating

Audible alarm,- •
low or high limit
(optional)

0 to 20, 200, 2000 ppm
(other ranges available on request)

10.2 eV standard,
9.5 or 11.7 eV optional

85 db at 3'

b. .CHARACTERISTICS (see NOTE)

Detection Range •* 0.1 to 2000 ppm
(parts per million by volume)

Minimum Detection Level * 0.1 ppm

'N Maxim-urn Sensitivity *

Repeatability

Linear Range *

Useful Range *

Response Time

Anbient Humidity
Operating Temperature,
Ambient

Operating Time on
Battery, continuous use,

without HNU recorder

with HN'U recorder
(optional)'

0 to 20 ppm FSD at SPAN = 9.8
(full scale deflection)
0 to 2 ppta FSD at SPAN' = 0.0

+/- 1% of FSD

0.1 to 400 ppm

0.1 to 2000 ppm

Less than 5 seconds to 90% of FSD

up to 90% RH (relative humidity)
-10 to 40 degrees C.

Approximately 10 hours; at lover
temperatures time is reduced due
to effect of cold temperature on
battery.

Approximately one half of normal
time
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TTIO'N 2.3, OPERATING PROCEDURES cont.

The analyzer is now operational.

Hold Che probe so Chat Che extension is at Che point
where the measurement is to be made. The instrument
measures Che concentration by drawing Che gas in at the
end of Che extension, through Che ionization chamber,
and out the handle end of Che probe.

W A R N I N G

The instrument measures gases in the
vicinity of the operator and a high reading
when measuring toxic or explosive gases.
should be cause for action for operator
safety.

p.. Take the reading or readings as desired taking into
account that air currents or drafts in the vicinity of
the probe tip may cause fluctuations in readings.
Change the ranges as required.

q .. Check baCCery condicion as required. If Che Low Battery
Indicator comes on, turn analyzer off and recharge.

CAUTION

Use on ly in an e m e r g e n c y w i t h a low b a t t e r y
w h e n o n b a t t e r y c h a r g e .

P A G E 2 -7
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TABLE 2-1 cont

SPAN

HI-VOLTAGE

Open

Closed

1 N

ALARM SET
(optional)

This v e r n i £
is used to
the arnplif:
direct reac
trace gas c
in pprn . T}
of the sett
the window
decimal a p;
dial . A lc
at a speci:

This is a i
m i c r o s •-• i t c:

Switch is or
not connects
high voltage
from the 12
as a safety

Switch is ;
closed whe:
attached.
This switc:
closed man 1

mainter. anc'
of the rea>
without th<
attached.

Potentiome
driver a d j •
Turns the ;
or OFF and
level at w;
sounds. I
lini t, it .
measured p
this value
high limit
measured p
value .

NOTE: See Figure 2-1 for locations.
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SECTION 2.3, OPERATING PROCEDURES cont

r. After completion of use, check battery condition as
described in para. g.

s. Turn function switch to OFF position.

t. When not operating, leave analyzer in assembled
condition, and connected to battery charger.

u. When transporting, disassemble probe and extension frotr,
readout assembly and return equipment to its stored
condition .

v. In case of emergency, turn function switch to OF?
position.

2.4 BATTERY CHARGE

Check the battery charge as described in paragraph 2-3 g
during each period of operation, at least once daily. If tha
battery is low as indicated by the meter reading or the warning
indicator, it is necessary to recharge the battery.

' To charge the battery, first insert the mini phone plug of
the charger into the jack, J6, on the side of the bezel adjacent
to the meter. Then insert the charger plug into a 120 or 230 V
AC single phase, 50-60 cycle outlet. To ensure that the charger
is functioning, turn the function switch, SI, to the battery
check (BATT) position. The meter should deflect full scale if
the charger is working and connections properly made. For
normal battery charging, leave the function switch in the OFF
position.

The analyzer can be operated, however, while recharging by
turning the function switch to the desired position. Such usage
will extend the time required to completely recharge the
battery. The battery charger is not Div. II approved.

NOTE: On all Sira approved PI 101s it is necessary to connect
the probe assembly before turning on the instrument and
re-charging. Without following this procedure the
instrument will not show battery check.
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SECTION 3

CALIBRATION

INTRODUCTION

The PI 101 Analyzer is designed for trace gas analysis in
ambient air and is calibrated at HNU with certified standards of
benzene, vinyl chloride and isobutylene. Other optional
calibrations are available (e.g., ammonia, .ethylene oxide, H2S,
etc.). Calibration data is given in the data sheet. If a
special calibration has been done, the data is given in the
Application Data Sheet, which notes the sample source, type of
calibration (see Section 8, Appendix), and other pertinent
information.

Good instrumentation practice calls for calibration on the
species to be measured in the concentration range to be used.
This procedure assures the operator that the analyzer is
operating properly and will generate reliable data.

Some general points to consider when calibrating the PI 101
are that the analyzer is designed for operation at ambient
conditions and therefore the gas standards used for calibration
should be delivered to the analyzer at ambient temperatures and
pressure and at the proper flow rates.

WARNING:

The PI 101 is a non-destructive analyzer; calibrations using
toxic or hazardous gases oust be done in a hood.

The frequency of calibration should be dictated by the
usage oJ: the analyzer and the toxicity of the species measured.
If the analyzer has been serviced or repaired, calibration
should be done to verify operation and performance. 'It is
recommended that calibration be'checked frequently at first
(daily or every other day) and then regularly based on the
confidence level developed.

' The normal meter scaleplate is 0 to 20. If the scaleplate
is different, refer to the Application Data Sheet. If there are
questions, consult the HNU representative before proceeding with
calibration check.

An accurate and reliable method of calibration check is to
use an analyzed gas cylinder in a test setup as shown in Figure
3-1 and described below. Additional material on calibration is
given in Section 8, Appendix^

2 ANALYZE!) GAS CYLINDER

a. Concentration - The calibration gas cylinder is to
contain the species of interest made up in an air matrix
at or near the concentration to be analyzed. If the
component is unstable in air, another matrix is to be
used. The final calibration mixture should be similar
to the sample the PI 101 will analyze. If the expected
concentration is not known then a concentration should

} be chosen that will cause a scale displacement of 50 to
80Z on the X10 range. Calibration on X10 range will
provide accurate values on the XI range as well.
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SECTION 3,2, ANALYZED GAS CYLINDER cont.

For use on the 0-2000 range, a two-standard
calibration is preferred: one at 70 to 85Z of the
linear range and the other at 25 to 35Z of the linear
range. With the linear range of approximately 600 ppm
for most compounds these points would lie between 420 to
510 ppm and 150 to 210 ppm, respectively.

Stability - The calibration gas must be stable within
the cylinder during the period of use. If the
calibration is required in the field, then use of a
small cylinder is recommended. In addition, the choice
of cylinder material in contact with the gas must be
considered (steel, aluminum or teflon). If there are
any questions, the operator should request stability and
usage information from the gas supplier.

WARNING

Extreme care must be taken in the handling
of gas cylinders. Contents are under high
pressure. In sone cases, the contents may
be hazardous. Many gas suppliers will
provide data sheets for the mixtures upon
request.

c. Delivery - The cylinder containing the calibration
mixture must be connected to a proper regulator.

WARNING

Never open the valve on a gas cylinder
container without a regulator attached

Leak test all tank/regulator connections as well as the
main cylinder valve to prevent toxic or hazardous
materials from leaking into the work area. Care must be
taken that the materials of. construction of the
regulator will no.t interact with the calibration gas.

One method of sampling the calibration gas is
illustrated in Figure 3-1. Connect the cylinder to one
leg of the tee, a flow meter to the opposite leg, and
the probe to the third leg. The flow meter does not
require a valve. If there is a valve, it must be left
wide open. the flowmeter is only to indicate excess
flow. Adjust the flow from the regulator such that only
a little excess flow is registered at the flowmeter.
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SECTION 3.2, ANALYZED GAS CYLINDER cone.

This insures that the PI 101 sees the calibration gas at
atmospheric pressure and ambient temperature.

d. Usage - Generally, a gas cylinder should not be used
below 200-300 psi as pressure effects could cause
concentration variations. The cylinder should not be
used past the recommended age of the contents as
indicated by the manufacturer. In case of difficulty,
verify the contents and concentration of the gas
cylinder.

e. Alternate means of calibration are possible. For
more information, contact the HNU Service Department.

3 PROBE

a. Identify the probe by the lamp label. If a question
exists, disassemble the probe and inspect the lacp. The
energy of the lamp is etched into the glass envelope.

b. Connect the probe to the readout assembly, making sure
the red interlock switch is depressed by the ring on the
connector.

c. Set the SPAN pot to the proper value for the probe being
calibrated. Refer to the calibration memo accompanying
the probe.

d. Check the lonization Potential (IP) of the calibration
gas to be used. The IP of the calibration gas must be
at or below the IP of the lamp.

e. Proceed with the calibration as described in Section
3.4. Check the calibration memo for specific data.
If any questions'develop, call the HNU representative.

f. NOTE: The 11.7eV lamp has a special cleaning compound.
Do not use water or any other cleaning compound with the
11.7 eV lamp. Do not interchange ion chambers,
amplifier boards or lamps between probes. (See Section
5.2).

PROCEDURE

a. Battery check - Turn the function switch to BATT.
The needle should be in the green region. If not,
recharge the battery.
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SECTION 4

FUNCTIONAL DESCRIPTION

1 PRINCIPLE OF OPERATION

The analyzer measures the concentration of trace gases
present in the atmosphere by photoionization. Photoionization
occurs when an atom or molecule absorbs a photon of sufficient
energy to release an electron and become a positive ion. This
will occur when the ionization potential of the molecule in
electron volts (eV) is less than the energy of the photon. The
source of photons is an ultraviolet lamp with an energy of
either 9.5, 10.2 or 11.7 eV.

The detection process is shown in Figure 4-1. Sample gases
enter through the inlet into the ion chamber and are exposed to
photons emanating from the ultraviolet lamp. Ionization occurs
for those molecules having ionization potentials near to or less
than that of the lamp.

A positive-biased polarizing electrode causes these
positive ions to travel to a collector electrode in the chamber.
Thus the ions create an electrical current which is amplified

and displayed on the meter.
This is proportional to the concentration of trace gas

present in the ion chamber and to the sensitivity of that gas to
photoionization.

In service, the- analyzer is first calibrated with a gas of
known composition equal, close to or representative of that to

} be measured.

? IOMIZATION POTENTIALS

Gases with ionization potentials near to or less than that
of the lamp will be ionized. These gases will thus be detected

9 and measured by the analyzer.
Gases with ionization potentials higher than that of the

lamp will not be detected.
Ionization potentials for various atoms, molecules and

compounds are given in Tables 8-1 thru 8-13 in Section 8,
Appendix.

The ionization potential of the major components of air,
i.e., oxygen, nitrogen, and carbon dioxide, range from about
12.0 eV to about 15.6 eV and are not ionized by any of the- three
lamps.

Gases with ionization potentials near to or slightly higher
than the lamp are partially ionized, with low sensitivity.

IONIZATION SENSITIVITY

The amount of ionization of a species of gas exposed to
photons, its sensitivity, is a characteristic of that
particular species. This is illustrated in Table 4-1 for a
.number of chemical groupings and in Table 8-14 for a large
'number of individual species when exposed to photons from a 10.2
eV lamp.
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Section 4.3, SENSITIVITY cont.

The species with the higher values are more sensitive to
the 10.2 eV photons than are those with lower values. For
example, referring to data in Table 8-14, an analyzer calibrated
for benzene, when measuring a sample containing 10 ppm of
benzene, will read 10.0 and when measuring a sample containing
10 ppa of vinyl chloride will read 5.0. This shows the lower
sensitivity of the vinyl chloride. Similar conditions are the
case for the 9.5 and 11.7'eV lamps.

4 CALIBRATED PROBES AND SELECTIVITY

The standard probe provided with the analyzer contains a
10.2 eV lamp. Optional probes containing lamps of 9.5 and 11.7
eV permit selective determination or exclusion of species.

The probe with the 9.5 eV lamp permits measurement of
species having IP values lower than 9.5 eV in the presence of
interfering species with IP values above 9.5 eV.

The probe with the 11.7 eV lamp permits measurement of
species with -IP values above 10.2 up to aproximately 11.7 eV.

The probes with different lamps are interchangeable in use
within individual readout assemblies for different applications.
The amplifier and ion chamber in the probe are selected for the
specific eV lamp. Lamps of different eV ratings cannot be

.. interchanged between probes. Examples ofsselective application
} of these probes is given in Table 4-2. Additional applications
of the use of the probes are described in the sections that
follow and illustrated in Figure 4-2. Further examples are
given (without discussion) in Table 4-3. Re-zeroing is
performed after each probe interchange.

5 10.2 eV PROBE

The 10.2 eV probe is the standard probe used with the Trace
Gas Analyzer, The approximate span settings for a 10.2 eV probe
that would give direct readings of the amounts of trace gas of a
particular species in a sample is given in Table 8-14. for
example, when the span control is set at 4.3 the analyzer will
read 10 ppm when measuring a sample containing 10 ppm of vinyl
chloride. These span settings will vary with the condition of
the lamp. Application of the 10.2 eV probe is illustrated in
examples "a", "b", and "c" in Figure 4-2. In each case the
trace gas (or gases) is contained in a standard atmosphere.

Example "a" shows the use of the 10.2 eV probe to measure
Vinyl Chloride (IP=9.995) by itself.

Example "b" shows the use of the 10.2 eV probe to measure
Vinyl Chloride (IP=9.995) in the presence of a second gas,
Acetylene (IP=11.4). The acetylene is not ionized and the probe
gives a direct reading of the Vinyl Chloride above.

\ Example "c" shows the use of the 10.2 eV probe to measure
. ,-' Isoprene (IP = 9.08) by itself. A 9.5 eV probe may also be used

but is less sensitive. the 10.2 eV probe is recommended.

PACE 4-3



LAMP HI-VOLTAGE

ION CHAMBER >_

BIAS ELECTRODE

•

/

s

ir
t V

7

PHOTON!

X^ ^ c
^ ^^"

V

NV \cc

IONS

GAS
INLET

GAS OUTLET

COLLECTOR

METES

FIGURE 4-1
DETECTION prsOC-£SS Page



T A B L E 4-2

T Y P I C A L A P P L I C A T I O N S O F I N T E R C H A N G E A B L E P R O B E S

Compound

lonization
potentials

(eV)
Relative Sensitivity

9.5/10.2 eV 11.7/10.2 eV

p-Xylene
p-Chlorotoluene
Toluene
o-Chlorotoluene
Ethyl Acetate

Benzene
Methyl Mercaptan
Pyridine
Allyl Alcohol
Crotonaldehyde

Arayl Alcohol
Cyclohexane
Vinyl Chloride
Butanol
Ammonia

Acetic Acid
Ethylene
Ethylene Oxide

8.44
8.70
8.82
8.83
9.19

9.24
9.24
9.32
9.67
9.88

9. SO
9.8S
9.95

10.94
10.15

10'.37
10.52
10.56

0.10
0.09
0.09
0.075
0.075

0.10
0.10
0.075
0.10
0.075

0.09
0.075
0.085
0.09
0.06

0.04
0.0
0.0 .

0.104
0.112
0.112

' 0.112
0.112

0.10
0.072
0.122
0.112
0.104

O.'ll6
0.104
0.112
0.176
0.160

0.560
0.320
0.29S

Relative sensitivity «
Response with 9.5 or 11.7 e V p r o b e
•MVMW»V«»«WW««—M«VMM«M«M..MBBMMM_MMWV<

Response with 10.2 eV probe
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TABLE 4-1

RELATIVE PHOTOIOHIZATION SENSITIVITIES FOR GASES

Chemical
Grouping

Relative Sensitivity
(see NOTE) Examples

Aromatic

Aliphatic Aoine

Chlorinated
Unsaturated

Carbonyl

Unsaturated

Sulfide

Paraffin (C5-C7)

•'S Ammonia

Paraffin (C1-C4)

10

10

5-9

7-9

3-5

3-5

1-3

0.3

0

Benzene, Toluene, Styrene

Diethylamine

Vinyl Chloride, Vinylidene
Chloride, Trichloroethylene

MEK, MiBK, Acetone,"
Cyclohexanone

Arolein, Propylene,
Cyclohexanone.Allyl Alcohol

Hydrogen Sulfide,
Methyl Mercaptan

Pentane, Hexane, Heptane

Methane, Ethane

NOTE: Relative sensitivity » meter reading
when measuring 10 ppm of the listed gas
with instrument with 10.2 eV probe
calibrated for 10 ppn of benzene, span
pot setting « 9.8 for direct reading of
benzene.
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Di f -f erence between the two readings is the
measure o-f Acetylene

FIGURE 4-2
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TABLE 4-3

PROBE APPLICATION EXAMPLES

Application Reconnended

Styrene (IP - 8.47)
Alone

Hexane (IP « 10.48)
Alone

Formaldehyde (IP - 10.87)
Alone

Styrene/Hexane
Together

Formaldehyde/Styrene
Together

10.2

10.2

11.7

10.2 and 9.5
Use 10.2 to n.
9.5 to measure
difference v i:
concentration

10.2 and 11.7
Use 11.7 to ce
10.2 to oeasur
difference v i1
contentration >

J •
PAGE 4-8



SECTION 4 cont.

6 9.5 eV PROBE

Tha 9.5 eV probe is used to
it is necessary to exclude gases
IP>9..5 eV and <10.2 eV. This is
Figure 4-2. Here a 9.5 eV probe

measure gases with IP<9.5 when
that oay be present having
illustrated by example "d" in
is used to measure Isoprene

(IP-9.08) in the presence of Vinyl Chloride (IP=9.995)»
Gain settings for a 9.5 eV probe to give direct readings for

various species are given in Table 8-15.

4.7 11.7 eV PROBE

The 11.7 eV Probe is used to measure trace gases vith
IP>10.2 eV but less than 11.7 eV. The use of this probe by
itself is illustrated in example "e". Here the 11.7.eV probe is
used to measure Acetylene (IP«11.4 eV). The use of this probe
in conjunction with a 10.7 eV probe is illustrated in example
"f". In this case, two gases are present, Acetylene (IP=11.4)
and Vinyl Chloride (IP=9.995). The objective is to.obtain a
measurement of the Acetylene alone.

The 11.7 eV probe measures the total presence of both
Acetylene and Vinyl Chloride together. The 10.2 eV probe
measures just the Vinyl Chloride, excluding the Acetylene. The
difference between the two readings is the measure of .the

/ A c e t y 1 e n e .
Gain settings for the 11.7 eV probe to give direct readings

for various species are given in Table 8-15.

4.8 .EQUIPMENT DESCRIPTION

the components of the analyzer are located in the probe and
the readout assembly (see Figures 4-3 and 4-4). The ion
chamber, UV light source, amplifier board, and fan are located
in the probe assembly. The battery, the power supply board, and
the raeter are located in the readout assembly. The probe and
the readout assembly are connected by an 800 cm (32") cable.

The fan draws gas in through the probe and ion chamber.
The flow rate is approximately 100 cubic centimeters per minute.
Small variations in the flow rate do not affect the

measurement. A major obstruction to the flow, however, will
prevent proper operation and lengthen response time. The fan
cannot draw a sample from any distance or across a pressure
drop.

The output from the ion chamber is amplified and read out
on the meter.

Voltage for the light source, ion chamber, amplifier and
fan is provided from a DC converter on the power supply board.
The battery provides the source of power for the converter. The
positive side of the battery is grounded.
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Section 4.8, EQUIPMENT DESCRIPTION cont.

The input signal fron the ion chamber enters at connector
P1/J1 (see schematic Figure 4-5), goes to transistor Ql and
amplifier Al. The zero adjustment setting on the control panel
enters thru pins 3 and C on P2/J2, thence to the transistor Ql.

Power for the amplifier enters on pins D and F
respectively. Span control adjustment from the control panel
enters at pin B, signal output at pin E, and ground connector at
pin J.

The output signal from the amplifier goes thru pin E in the
cable connector P3/J3 to pad 11 on the power supply board, to
the resistor network R39 thru R49, including the adjustable poc
R48. From there it goes to .the meter through the function
switch on the control panel.

Connections from the resistor network through the function
switch serve to set the operating range of the meter. Input to
the span control potentiometer comes from this same network
through the function switch. The output of the span control pot
provides feedback control to the amplifier through pin H on the
cable, pin B on the amplifier board, and feedback resistor R5 to
the amplifier input.

Power for the UV lamp, Dl, is provided by rectifier
networks containing CR4-9 operating from the red and white
terminals of transformer Tl. Voltage for the lamp (pad 22 on
the power supply board or J3 pin D, Figure 4-6) will be as
follows for the several different conditions that may exist.

Condition Voltage, V DC

Probe connected, lamp ' -350 to -450
operating properly

Probe connected, lamp not -1100 to -1200
operating properly

Probe not connected, high 0 to -300
voltage switch not depressed

Probe not connected, high -1100 to -1200
voltage switch depressed manually

Power for the ion chamber is provided by rectifier network
CR2 and 3 operating from terminals 6 and 7 of Tl and voltage
regulator Zl. Power for the amplifier is provided by rectifier
networks CR13-16 operating from terminals 4,5 and 8 of Tl.
Power for the fan motor is provided by rectifier network CR18-21
operating from terminals 1, 2 and 3 of transformer Tl.
Conversion of the DC from the battery for input power to Tl is
accomplished by Z2. Power for a recorder is available at
connector J7.
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Section 4.8, EQUIPMENT DESCRIPTION cent.

D3 provides indication if the battery voltage falls belov
the prescribed level of 11.23 V DC. J6 provides for connection
of the battery charger. The six bank switch, SI, is the
function switch. Microsvitch S2 disables the high voltage power
to the cable connector when disconnected.

The alarm board (optional) is connected to the power supply
board by the cable containing connector P6/J6. The amplifier
output signal, pin 9 on P6/J6 (see schematic Figure 4-6), goes
to one input of amplifier Ul (see schematic Figure 4-5).

The output from the alarm set control on the front panel,
pin A on P6/J6, goes to the second input of Ul. The output froc
Ul operates the audible alarm through Q3 or Q2. Only one of
these is connected at the factory to give low alarm or high
alarc, respectively, as requested by the user. The alarm will
operate when the signal falls or rises above this threshold.
Reference power for the alarm setting enters the board at pin 2
and power for the amplifier and transistors Ql thru Q3 enters at
pin 5. The battery charger provides 15.0 V DC for recharging.
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SECTION 5

MAINTENANCE

.1 INTRODUCTION

Maintenance of Che analyzer consists of cleaning the lamp
and ion chamber, replacement of the lamp or other component
parts or subassemblies.

WARNING: Turn the function switch on the control panel to
the OFF position before any disassembly.
Otherwise, high voltage of 1200 V DC will be
present.

*
WARNING: Use great care when operating the analyzer with

the readout assembly outside its case due to the
presence of 1200 V DC.

WARNING: Do not look at the light source from any closer
than 6 inches with unprotected eyes. Observe
only briefly. Continued exposure to ultraviolet
energy generated by the light source can be

''\ harmful to eyesight.
/

CAUTION: Do not interchange lamps .of different eV ratings
in a probe. Amplifier and components are
selected for a specific eV lamp. A probe with
the wrong lamp will not operate properly.

5.2 UV LAMP AND ION CHAMBER CLEANING

During periods of operation of the analyzer, dust or other
foreign matter could be drawn into the probe forming deposits on
the surface of the UV lamp or in the ion chamber. This
condition is indicated by meter readings that are low, erratic,
unstable, non-repeatable, or drifting, or show apparent moisture
sensitivity. These deposits interfere with the ionization
process and cause erroneous readings. Check for this condition
monthly or as required. Cleaning can be "accomplished as
follows:

a. Disassemble the probe and remove the lamp and ion
chamber (see Section 5.5). Exercise great care in
doing so to prevent inadvertent damage to these
components.

) b. First check the lamp window for fouling by looking at
t.he surface at an incident angle. Any deposits, films
or discoloration may interfere with the ionization
process. Clean the window as follows:



1) 9.5 and 10.2 eV lamps

a) First clean by rubbing gently with lens
tissue dipped in a detergent solution.

b) If this does not remove deposit, apply a small
amount of HNU cleaning compound (PA101534)
directly onto the lens of the lamp and spread
evenly over surface with a non-abrasive tissue
(e.g. Kim-Wipe) or a-lens tissue.

c) Wipe off compound with a new tissue.

d) Rinse with warm water (about 80 degrees F) or
damp tissue to remove all traces of grit or
oils and any static charge that may have
built up on the lens. Dry with new tissue.

e) Reinstall lamp in detector and check analyzer
operation.

f) If performance is still not satisfactory
replace the lamp. See Section 5.3 and
Section 6.

2) 11.7 eV lamp

a) Clean by putting a freon or chlorinated
organic solvent on a tissue and rubbing
gently.

b) DO NOT CLEAN THIS LAMP WITH WATER OR ANY WATER
MISCIBLE SOLVENTS (methanol or acetone).
It will damage the lamp.

c) DO NOT USE THE CLEANING COMPOUND used for the
9.5 and 10.2 eV lamps under any circumstances
on the 11.7 eV lamp.

c. Then inspect the ion chamber for dust or particulate
deposits. If such matter is present, the chamber can be
cleaned by removing the outer Teflon ring, and the four
screws holding the retaining ring. Carefully move the
retaining ring aside (NOTE: this is soldered) and remove
"he screen. A tissue or cotton swab, dry or wetted with
methanol, can be used to clean off any stubborn
deposits. The assembly can also be gently swirled in
methanol and dried gently at 50-60 degrees C for
approximately a half hour. No liquid must be present at
reassembly as this would affect the performance. Do not
clean the ion chamber with the HNU cleaning compound
cited above in para, b . 1)b) .

d. Reassemble the probe and check analyzer operation.

e« If performance is still not satisfactory replace the
lamp. See Section 5.3.
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5.3 LAMP REPLACEMENT

To replace the lamp, disassemble Che probe, remove Che old
' lamp, install a new one of che same eV racing and reassemble.

WARNING

Turn Che function switch on the control
panel to the OFF position before
disassembly. Otherwise, high voltage of
1200 V DC will be present.

CAUTION

Do not exchange lamps of different eV
ratings in a probe. Amplifier and
components are selected for a specific eV
lamp. A probe with the wrong lamp will not
operate properly.

Set: the SPAN pot to 9.8 for the 10.2. eV lamp. Remove the
readout assembly case (see Section 5.6). Locate the gain
control potentiometer, R48, on the power supply board as shown
on Figure 6-1. Recalibrate the analyzer adjusting this
potentiometer, R4S, with a small screwdriver to obtain the
specified ppm reading, leaving the SPAN pot set at 9.8.

For the 9.5 and 11.7 eV lamps see the Application Data
Sheet or calibrations memo for the proper span pot settings and
readings.

WARNING

Use great care when operating the analyzer
with the readout assembly outside its case
due to the presence of 1200 V DC.

When calibration is accomplished, turn the analyzer OFF and
replace the readout assembly in its case.

Adjustment of R48 potentiometer is used only when a new
lamp is installed. At all other times adjustment is
accomplished using the SPAN control potentiometer.

) If calibration cannot be achieved, see Section 6,
Troubleshooting.

i
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SECTION 5 cont.

5.4 LAMP SIZE CHANGE

If different applications for the analyzer would require
different size lamps, separate probes, each with its own eV
lamp, must be used. A single readout assembly will serve for
any of the probes. A change in probe will require resetting of
the zero control and the span pot. Calibration should be
checked to verify proper operation.

5.5 PROBE DISASSEMBLY/ASSEMBLY

WARNING

Turn the function switch on the control
panel to the off position before
disassembly. Otherwise high voltage of 1200
V DC will be present.
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TROUBLESHOOTING DATA

Symptom Probable Cause Corrective Action

1. Meter indicates
low battery

a. Blown fuse
(Fuse Fl, 2A,
5-3)

b. Bad connections

c. Broken meter
movement

d. Battery dead

e. Battery charge low

2. Low battery a. Power supply
defective •

3. UV lamp not ON High Voltage
interlock (Micro-
switch S2) at probe
cable connector on
readout assembly
not operating

b. High voltage
supply out or
faulty

1) Check fuse,
for evidence
wiring, then

If blown, check
of shorts in
replace fuse.

1) Check wiring connec-
tions. Resolder poor or
bad connections.

1) Tip instrument rapidly
from side to side. .Merer
needle should move freely,
and return to zero. If
faulty, replace with new
meter.

1) Disconnect battery and
check with volt-ohr.ir.eter.
Replace if dead.

1) Recharge battery, check
meter with function svitch
in BATT position to ensure
the charger is operating
properly (see Table 2-1,
BATT)

1) Check power supply
voltages (see Table 6-2
and Figure 6-1) . If in
error, replace power
supply assembly.

1) Check by applying pressure
to switch plunger with
cable in place. Adjust the
screw on side of cable
connector, if required,
to increase throw of
switch plunger.

1) Check high voltage output
on power supply board (pad
22). If voltage not
correct, (see Table 6-2)
replace power supply
board.
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TABLE 6-1 cont.

6. Meter does not
return to zero
in STANDBY

7. Meter readings,
high or low

Broken meter
movement

b. Dirty or open
connections to meter

c. Dirty or open
connections in probe

d. Zero adjust faulty

e . A m p l i f i e r f a u l t y

f . Ion chamber shor ted

a. Incorrect
calibration

b. Lamp dirty

c. Contamination in
ion chamber.

d. Power supply board
faulty

e. Dirty or loose
connections

1) See 1-c-l above.

1) See 5-c-l above.

1) See 5-a-l above.

1) Rotate zero adjust pot
(see Fig. 2-1) (R50, Fig.
4.6). Check pot output at
meter probe connector (J3
pins B and L). If voltage
does not vary, replace
zero adjust pot.

1) Rotate zero adjust pot.
Check amplifier output
at probe connector (J3 pin
H) or observe meter. If
voltage level on meter
does not respond, replace
amplifier board

1) Clean ion chamber.
(see Section 5.2). Recheck
for return to zero in
STANDBY.

2) Replace ion chamber.

1) Recalibrate (see Section
3).

1) Clean lamp (see Section
5.2)

1) Clean ion chamber.
(see Section 5.2)

1) Check power supply board
outputs (pads 17, 20 and
22 (Table 6-2). If voltage
not correct, replace
power supply board.

1) Clean or tighten
connections at amplifier
board, probe cable, and
meter.
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TABLE 6-3

PIN DATA, AMPLIFIER PCB, P2/J2

Pin Signal Name Voltage (V DC)

A

B

C

D

E

F

3

Ground

Span Control Setting

Zero Adjust

Amplifier Power

Amplifier Signal

Zero Adjust Voltage

Zero Adjust Voltage

varying

varying

-9.5 to -10.5

0 to -5.0

+ 18 to -1-21

varying
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SECTION 8 cont.

UKCALIBRATED OPERATION

Best operation of the analyzer is accomplished by its
calibration for the gas to be measured. In cases where it
becomes necessary to operate with a gas for which it has not
been calibrated and recalibration is not possible, correction
can be made to the meter reading.

One method is by use of a chart. Figure 8-2 is such a
chart. It shows performance curves for various gases being
measured by an instrument with a 10.2 eV lamp and calibrated for
benzene. this illustrates the effect of the different
sensitivities of gases. These curves can be used directly for
correcting a meter reading if the instrument is calibrated for
benzene and is measuring one of the gases shown. For example,
if the gas being measured is Propylene and the reading is 8 ppn,
then the actual concentration is about 20 ppa.

A second method is to multiply the meter reading by a
correction factor as follows:

PS (Cal gas)
Actual ppm « ppm reading x

PS (Trace gas)

in which

PS is the photoionization sensitivity of each of the two
gases. Table 8-14 gives a list of the relative photoionization
sensitivities of a number of specific gases with which the
analyzer might be used. Use of this method is illustrated by
the following examples:

a. Instrument calibrated for Benzene (PS = 10.0)
and measuring Acetone (PS * 6.3)

10.0
Actual ppia = ppra reading x

6.3

= ppm reading x 1.6

b. Instrument calibrated for Vinyl Chloride
(PS = 5.0) and measuring Carbon Disulfide (PS = 7.1)

5.0
Actual ppm = ppm reading x

7.1

•= ppm reading x 0.7

These values are valid only for an analyzer with a 10.2 eV
lamp. Different sensitivities occur vith 9.5 and 11.7 eV lanps.
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TABLE 8.1 TABLE 8.2

SOME ATOMS AND SIMPLE MOLECULES PARAFFINS AND CYCLOPARAFFINS

H

C

N

0

S:

S

F

C'

Er

1

H:
N2

02

CO

CN

NO

CH

OK

P2

CI2

Er2

IP(eV)

13.595

11.264

14.54

13.614

6.149

10.357

17.42

13.01

11.84

10.45

15.426

15.580

12.075

14.0:

15.13

9.25

1 1.1

13.16

15.7

11.43

10.55

'2
HF

HCI

HBr

HI

S02

C02

COS

CS2

N2O

NO2

03

H2O

H2S

H2S«

H2Te

HCN

C2N2

NH2

CH3

CH4

IP(eV)

9.28

15.77

12.74

11.62

10.38

12.34

13.79

11.18

10.06

12. SO

9.78

12.60

12.59

10.46

9.66

9.14

13.91

13.6

10.15

9.840

12.98

Molecule IP(eV)

methane 12.S6

ethane 11.65

prooane 11.07

n-butane 10.63

i-butane 10.57

n-pentane 10.35

i-pentane 1C.22

2.2-dinethylprocar.e 10.35

n-hexane 10.16

2-metnylpentane 10.12

3-metriylpentane 10.06

2.2-tfmethyibutane 10.05

2.3-dimethy1bi::ar.e 10.02

n-hep:ar.e 10.06

2.2.4-trimethytperi!ar,e 9.SS

cycloprocar.e iC.Oc

cyclcpentane 10.53

cyclohexane 9.6S

metnylcyclohexane 9.65



TABLE 8.3 TABLE 8.3 (continued)

ALKYL HALIDES

Molecule IP(eV)

HCI 12.74

Cl2 11.48

CH4 12.93

methyl chloride 11.28

dichloromethane 11.35

trichloromethane 11.^2

tetrachloromethane 11X7

ethyl chloride 10.SS

1.2-dichloroethane 11.12

l-chloropropane 10.82

2-cWoropropane 10.78

1,2-dichloropropane 10.87

1.3-dichloropropane 10.85

1-chlorobutane 10.67

2-chlorobutane 10.65

1 -chloro-2-methylpropane 10.66

2-chloro-2-me:hylpropane 10.61

HBr 11.62

Br2 10.55

methyl bromide 10.53

dibromomethane 10.49

tribomomethane 10.51

CH2BrCI 10.77

CHBr2CI 10.59

ethyl bromide 10.29

1,'l-dibromoeihane 10.19

1-bromo2-chloroethane 10.63

Molecule lP(eV)

1-bromopropane 10.18

2-bromopropane 10.075

1,3-dibromopropane 10.07

1-bromobutane 10.13

2-bromobutane 9.95

1-brc.Tio-2-methylpropane 1C.03

2-brorr.c-2-me:r!yipropane 9.SS

l-bromop«r.tane 10.10

HI 10.38

12 S.2S

methyl iodice 9.5^

diiocamethane 9.2-i

ethyl iodide 9.23

1-iodoprooane 9.26

2-iodoprosane 9.17

l-iodobutane 9.21

2-iodobutane 9.09

1-iods-2-methylpropar.e 9. IS

2-iodo-2-methylpropane 9.02

i-iodopentane s.i9

F2 is.7

KF 15.77

CFCIs (Freon 11) U.77

CF2CI2(Freonl2) 12.31

CF3CI(Freon 13) 12.Si

CHC1F2 (Freon 22) 12.45

CFBr3 10.67

P'ACfE 9-:^}



TABLE 8.3 (continued) TABLE 8.4

Molecule

sCFjC' (G'Snetron 101)

CF3CCI3 (Freon 113)

C?H3rCH2Br

CF3CH2I

IP(eV)

11.07

1 1.98

11.99

1 1.73

10.75

10.83

10.00

10.35

11.6-

9.96

ALIPHATIC ALCOHOL, ETHER, THIOL,
AND SULFIDES

Molecule IP(eV)

H2O 12.53

methyl alcohol 10.65

ethyl alcohol 10.48

n-prooyl alcoho! 10.20

i-propy) alcohol 10.16

n-butyt alcohoi 10.0^

dimethyl ether 10.00

diethyl ether 9.53

n-propyl ether 9.27

i-propyl ethsr 9.20

H2S 10.46

methanetniol 9.^40

ethanethic! S.2S5

l-propanethiol 9.195

1-Dutanethiol 9.14

dimethyl suffice £.655

ethyl methyl su'.lide 8.55

diethyl sui.'ide 8.430

di-n-propyl sulficie £.30



TABLE 8.5 TABLE 8.6

ALIPHATIC ALDEHYDES AND KETONES ALIPHATIC ACIDS AND ESTERS

Molecule IP(eV)

CO, 13.79

formaldehyde 10.87

acetaWehyde 10.21

propionaldehyde 9.98

n-butyraldehyde 9.86

isobutyraldehyde 9.74

ri-valeraldehyde 9.82

isovaleraldehyde 9.71

acrolein 10.10

crotonaldehyde 9.73

benzaldehyde 9.53

acetone 9.69

methyl ethyl ketone 9.53

methyl n-prcpyl ketone 9.39

methyl i-propyl ketone 9.32

diethyt ketone 9.32

methyl n-butyl ketone 9.34

methyl i-butyt ketone 9.30

3. 3-dimethy{ butanone 9.17

2-heptanone 9.33

cyclooentanone 9.26

cyciohexanone 9.14

2.3-butanedione 9.23

2.4-pentanedione 8.67

Molecule lP(eV)

CO2 13.79

formic acid 1i.05

acetic acid 10.27

prooionic acid 1C. 2 4

n-butyric acid 10.16

isobutyric acid 10.02

n-valeric acid 10.12

methyl formate 10.S*. 5

ethyl formate 10.61

n-propyl formate 10.54

n-butyl formate 10.50

isobutylformate 10.45

methyl acetate 10.27

ethyl acetate 10.11

n-propyl acetate 10.C4

isopropyl acetate 9.95

n-butyl acetate 10.0'.

isobutyl acetate 9.27

sec-butyl acetate 9.91

methyl propionate 10.15

ethyl propionate 10.00

methyl n-butyra;e 10.07

methyl isobutyrate 9.SS

)



TABLE 8.7

i ALIPHATIC AMINES AND AMIDES

TABLE 8.8

OTHER ALIPHATIC MOLECULES WITH N ATOM

Molecule IP(eV)

NH3 10.15

m«thyl amine 8.97

ethyl amine '8.86

n-pcopyl amine 8.78

i-propyl amine 8.72

n-butyl amine 8.71

i-bury I amine 8.70

s-butyl amine 8.70

(•butyl amine 8.5-*

dimethyl amine 8.24

diethyl amine 8.01

di-n-propyl amine 7.84

dri-propyl amine 7.73

di-n-butyl amine 7.69

trimethyl amine 7.82

triethyl amine 7.50

tri-rvpropyl amine 7.23

(ormamide 10.25

acetamide 9.77

N-methyl acetamide 6.90

N.N-dimethy! formamide 9.12

N.N-dimethyl acetamide 8.81

N.N-diethyl formamide • 8.69

N.N-diethyl acetamide 8.60

Molecule !P(eV)

nitromethane

nitroethane

1 •nitroprooane

2-nitropropsne

HCN

acetonitrile

propionitrile

n-butyroni:rile

acrylonitrile

3-butene-nitrile

ethyl nitrate

n-propyt nitrate

methyl thiocyana'e

ethyl thiocyanste

methyl isothiocyar.£:a

ethyl isothioc/a.nate

11.08

10.66

10.81

10.71

13.91

12.22

11.8^

1 1.67

10.S1

10.3S

11.22

10.C65

S.£S

9.2=

9.1-



TABLE 8.9

OLEFINS, CYCLOOLEFINS,
ACETYLENES

Molecule IP(eV)

ethylene 10.515

propylene 9.73

1-butene 9.58

2-methylpropene 9.23

trans-2-butene 9.13

cis-2-butehe 9.13

l-pentene 9.50

2-methyi- 1-butene 9.12

3-m«thyl-1-butene 9.51

3-m«thyt-2-butene 8.67

1-hexene 9.46

1.3-butadiene 9.07

isoprene 8.845

cyclopentene 9.01

cyclohexene 8.945

4-me:hylcyc!ohexene 8.91

4-cinylcylohexene 8.93

cyc!i>octate:raene 7.99

acetylene 11.41

prcoyne 10.36

1-butyne 10.18

TA8LE8.10

SOME DERIVATIVES OF OLEFINS

Molecule IP(eV)

vinyl chloride 9.995

cis-dichloroethylene 9.65

trans-dichloroeinylene 9.66

trichloroethylene 9.-: 5

tetracnloroeinylene 9.22

vinyl bromide 9.80

1.2-dibromoethyiene 9.^5

tritromoethylene 9.27

3-chloropropene 10.0*

2.3-dichloropropene 9.52

1-bromoprosene 9.30

3-bromopropene 9.7

Cr3CCI=CCICF3 10.35

n-CsF n 0^=0^2 10.-6

acrolein 10.10

crotonaldehyde 9.73

mesityl oxide 9.06

vinyl methyl ether 8.93

allyl alcohol 9.67

vinyl ace'.ate 9.19



TABLE 8.11 TABLE 8.12

HETEROCYCLIC MOLECULES AROMATIC COMPOUNDS

Molecule

fu'an

2-methyl furan

2-luraidehyce

tetrahycroluran

dihydrooyrar.

terrahydropyrar.

tWophene

2-chiofOtMophene

2-bromotMophene

pyrrole

py rid in «

2-picciine

2-piccline

4-5iccline

2.3-lutidir.e

2.-t-lutic'ine

2.~-!yticJ.ne

IP(eV)

8.63

8.3S

9.21

9.5-i

8.3^

9.26

6.860

8.55

6.63

6.20 _

9.32

S.C2

9.0^

9.0^

£.£5

8.£5

S.S5

Molecule IP(eV)

benzene 9.245

toluene 8.82

ethyl benzene 8.76

n-propyl benzene 8.72

i-proDyt benzene 8.69

n-butyl.benzene 8.69

s-butyl benzene £.68

t-butyl benzene 8.63

o-xylene 8.55

m-xylene 8.56

p-xylenc 6.4-5

mesitylene 8.̂ 0

tiurene 8.C2S

sryrene 8.^7

o-methyl styrene 8.25

ethynylbenzene £.815

napthalene 6.12

1-methylnapthalene 7.69

2-methylnapthaiene 7.955

biphenyl 8.27

phenol 8.50

anisole 8.22

phenetoie 8.13

benzaldehyie 9.53

acetophenone 9.27

benzenethiol 8.33

phenyl isocyana'.e 6.77



TABLE 8.12 (continued) TABLES.

MISCELLANEOUS f

Molecule IP(eV)

phenyt isothiocyanate 8.520

benronitrile 9.705

nitrobenzene 9.92

aniline 7.70

fluoro-benzene 9.1S5

chloro-benzene 9.C7

bromo-benzene 6.S5

iodo-benzer.e 8.72

o-dichlorobenzene 9.07

nvdichlorobenzene 9.12

p-dichlorobenzene 8.94

i-chloro-2-flucrobenzene 9.1 £5

1-chloro-3-fluorobenzene 9.21

l-bromo-4-fluorobenzene 8.99

olluorotoluene 8.915

m-fluorotoluene 8.915

p-fluorotoluene S.765

o-chlorotoluene 8.S3

m-chlorotoluene 8.83

p-chlorotoluene 8.70

o-bromotoluene 8.7S

m-bromotoluene 8.81

p-bromotoluene 8.67

o-iodotoluene 6.62

m-ioootoluene 8.61

p-iodotoluene 8.50

benzotrilluoride 9.68

o-lluorophenol 8.66

Molecule

ethylene oxice

prooyiene oxice

methyl ei:

etnyl c;

dietfiy

(hiolacev

acetyl c.h.

acetyl brc.

trichlorovinylsiicr

J



TABLE 3-1-'*

RELATIVE PHOTOIO::iZATIOK SENSITIVITIES OF
VARIOUS GASES TO A 10.2 eV LAMP

Gas

Span Control Setting
Photoior.ization for Direct reading

Sensitivity (see Mote 1) (approximate)

p-xylcne

r.-xylene

benzene

t c 1 u e n e

c i e " h y 1 s u 1 f i d e

c i e i: h y 1 a r. i n e

s t y r e n c

trichloroethylene

carbon disulfide

i s c b u t y 1 e n e

acetone

tetrahydrofuran

r.ethyl ethyl kctone

cethyl isobutyl ketone

cyclohexanone

naptha (P.5A aronatics)

vinyl chloride

methyl isocyanate

i o d:. n e

Rethyl r.crcaptan

11.2

1C.C ( r e f e r e n c e s t a n d a r d ) 9

i /••• .-.i .•. -

1--.0

O . I '

D i r



TABLE C-U cent.

dimethyl sulfidc 4.3

allyl alcohol 4.2

p r o p y1e n e 4.0

nineral spirits 4.0

2, 3-dichloropropenc 4.0

cycloe>:ene 3. A

crotonaldehyde 3.1

acrolein 3.1

cethyl methacrylate . 3.0

pyridine 3.0

hydrogen sulfide 2.3

cthylene dibroside

n-octane

acctaldehyde oxiae 2.2

hexane 2.2

phosphine 2.0

heptane 1 . 7

allyl chloride 1.5

(3-chloropropene)

ethylene 1.0

i s o p r o p a n o l 1.0 0.1

e t h y l e n e oxide 1.0

acetic a n h y d r i d e 1.0

a l p h a p i n e n e 0 . 7

d i b r o m o c h l o r o p r o p a n e 0 . 7

P A G E f i - 2 2



TABLE C-14 cont
'\

epichlorohydrin 0.7

nitric o::lde G.6

beta pincne 0.5

citral 0.5

annonia 0.3

acetic acid 0.1

nitrogen dioxide 0.02

EC thane 0.0

acetvlene 0.0

'.'07F. 1: FP'.i reading when measuring 10.0 pp.1?. of
particular gas with nonitor calibrated for
benzene.
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T A B L E £-15

R E L A T I V E P l i O T O I O N I Z A T I O n S E N S I T I V I T I E S
V A R I O U S G A S E S TO A 11.7 e\ ' LAM?

07

Span Control
Photoionization Sensitivity Setting for

Direct Direct
Gas . (See Note 1) Reading
(Approx.) (Approx.)

Carbon Bisulfide
Heptane
Hexane
Pentane
1,2 Dichloroethane
Benzene
KI3K
Isobutylene
Toluene
liethyl Chloride
Methylene Chloride
111 trichloroethane
Carbon Tetrachloride
Ethylene Dichlorice
Butane
rp T i ™Tri1

Acrvlonitrile
MEK"
Chlorof orr.
1,1,2,2 Tetrachloroethane
Acetone
Propane
Isoproponol
Acrolein
Ethane
Ethanol
Methar.ol
1,1,2 Trif luoroethane
Acetoni tr i le

33.:
22.1
13.?
14.1
12.9
12.2 3 . 0
10..;.
10.0 (Reference Std.)
10.0
9 . r
9.4
r. r..* • •-
9.0
9.0
0.7
7. -3
7.1 2 . "
6.3
6 . 0
5 . 0
5.7
" ™.
.j % ̂

A. 5
3. A 1.0
3.0
3.0
1 . 0
0 . 3
0.1

NOTE 1: ??!i reading when measuring 10.0 ppn of
particular with r.onitor calibrated for benzene
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TABLE C-16

RELATIVE ?:!OTOIO::iZATIOi-: SENSITIVITIES

0? VARIOUS CASES TO A 9.5 eY LA:;?

Pliotoionization Sensitivity

P v r i c i n e

A c s t o r. e

Methyl Hethacrylate

Heptane

liexane

Spar. Control
Settinp for

Direct
Gas
(Approx.)

X y 1 e n e

Benzene

S t y r e n e

Toluene

Phenol

A n i 1 i n e

••iEK

(See Mo

11

10

10

1C

7

3

2

Direct
te 1) Reading

( A ? ? r o x . )

.2

.0 (Reference Std.) 1 . r

m r.

.0

. 7

r. *

> c.

n

Pentane

* Cocnercial products containing inpurities; response for pure
materials is probably less.

i'OTE 1: PPM reading when r.easuring 10.0 ppn of
particular gas with r.onitor calibrated for benzene

FACE h!-:3



SECTION 8 cont.

8.7 WARRANTY

HNU Systems, Incorporated, warrants all itesis to be free
from defects in material and workmanship when used under normal
operating conditions. HNU's liability hereunder shall be
lioited to the repair or replacement of the articles ascertained
to be defective within one (1) year after date of shipment
(except that the light source warranty is limited to three (3)
months and does not include breakage, and battery warranty is
limited to three (3) months), provided, however that the Buyer
shall give notice to HNU within thirty (30) days after discovery
of such defective material and provided further that all
defective material be shipped prepaid to the HNU plant within a
reasonable time from the date of discovery of the defect and
during such warranty period. After the repair or replacement,
HNU will ship the said item to Buyer, transportation charges
prepaid, to any point in the United States that Buyer may
designate.

THE FOREGOING IS THE SOLE EXTENT OF HNU'S WARRANTY AND NO OTHER
STATEMENTS OR WARRANTIES, EXPRESSED OR IMPLIED, SHALL BE
HONORED. UNDER NO CIRCUMSTANCES SHALL HNU BE SUBJECT TO ANY
LIABILITY FOR SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES.
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SECTION 8 cont.

8.8 Publications on Photoionization Available from HNU Systems, Inc

101-10 Industrial Hygiene Monitoring With A Variable
Selectivity Photoionization Analyzer.
J.N. Driscoll and J.H. Becker,
American Laboratory, November 1979.

101-12 Instrumentation for "On Site" Survey and Identification
of Hazardous Waste.
J.N. Driscoll and G.F. Hewitt,
Industrial Hygiene News, May 1982

101-17 Instrument Calibration with Toxic and Hazardous
Materials.
J.H. Becker, J.N. Driscoll, D. Renaud, P. Tiffany,
C. Sylvia,
Industrial Hygiene News, July 1933.

t \
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YSI MODELS 33 AND 33M S-C-T METERS
INSTRUCTIONS

GXXXUl. DMCRIPTIOB

The YSI Model 33 and 33H S-C-T Ketcrs art portable,
battery powered, transistorized instrument* designed to
accurately Mature salinity, conductivity and tempera-
ture. They use a probe consisting of a rugged, plastic
conductivity cell and a precision YSI thermistor temp-
eraturt sensor combined in a single unit.

Conductivity with the Model 33 is expressed as micro-
•hos/ctntisteter; with the 33K, it is millisiemens/
•eter ImS/m). These are measurements of the electrical
conductance the sample would show if measured between
opposite faces of a 1 cm cube. (Conversion information:
1 micromho/cm • 0.1 mS/a.) Salinity is the number of
grams of salt/kilogram of sample (ppt-- parts per
thousand). This measurement assumes the sample con-
tains a "standard" sea water salt mixture. The sample
temperature is measured in degrees Celsius.

Salinity measurements are manually temperature compen-
sated by direct dial. Conductivity measurements are
not temperature compensated; however, a temperature
function is provided on the instrument to aid with
calculation of corrections. Vhen temperature and con-
ductivity are known, it is possible to calculate sal-
inity; and when only temperature and salinity are
known, it is possible to calculate conductivity. This
is discussed in the secion on Recalibration.

SPKIiriCATIOHS

Itodel 33 Conductivity

Ranges: 0 to 500 (xl), 0 to 5,000 (xlO), and 0 to
50,000 micromhos/cm (xlOO) with YSI 3300 Series Probes.
(Note: The "micromho" designations on the meter are a
shorthand form for "micromho/cm".)

Accuracy: (See Error Section)
12.5*. max. error at 500, 5,000 and 50,000 plus probe.
O.O'i max. error at 250, 2,500 and 25,000 plus probe.

Readability:
2.5 micromhos/cm on 500 micromho/cm range.
25 micromhos/c* on 5,000 mieromho/cm raage.
250 micromhos/cm on 50,000 micrombo/cm range.

Temperature Compensation: Hone.

Hodel 13H Conductivity

Ranges:
0 to 50 (xl), 0 to 500 (xlO), and, 0 to 5,000 (xlOO)
mS/m with YSI 3300 Series Probes.

Accuracy: (See trror Section)
+2.5% max. error at SO, SOO, and 5,000 plus probe.
±3.0% max. error at 25, 2SO, and 2,500 plus probe.

Readability:
0.25 mS/m on 50 BS/m range.
2.5 »S/» on 500 »S/a range.
25.0 mS/m on 5,000 mS/m range.

Temperature Compensation: Hone.

Salinity

Range: 0-40 ppt in temperature range of -2 to
within specified conductivity range of 0 to
micromho/cm (0 to 5.000 m$/a). See chart in sec'.
Recalibration.

Accuracy (See Error Section)
Above 4 C: +0.9 ppc at 40 pippc at 40 ppt and +0.7 p •.t 20
ppt plus conductivity probe.

Below 4°C: ±1.1 ppt at 40 ppt and +0.9 pp. at 20
ppt plus conductivity probe.

Readability: 0.2 ppt on 0-40 ppt range.

Temperature Compensation: Manual by direct dial from
-2 to +45°C.

Temperature Range: -2 to +50°C.

Accuracy: ±.0.10C at -2°C, +0.6°C at 45°C plus probe
(See Error lection)

Readability: ±0.15°C at -2°C to +0.37°C at 45°C.

Power Supply: Two D-size alkaline batteries, Eveready
E95 or equivalent, provide approximately 200 hours of
operation.

Instrument Ambient Range: -5 to +45°C. A maximum error
of +0.1% of the reading per °C change in instrument
temperature can occur. This error is negligible if the
instrument is readjusted to redline for each reading.

YSI Scientific
Yellow Springs. Ohio •» VW7 USA • Phone 51J 767-7241 • 800 }•» VHELP



TSI 3300 Series Conductivity/Temperature Probe

Nominal Probe Constant: K • 5/e» (K - SOO/m)

Accuracy: +2% of reading tor conductivity and salinity.

Error of t0.1°C at 0°C and +0.3°C at 40°C.

OPKUTIMI

Setup

1. Adjust meter zero (if necessary) by turning the
bakelite ncrew on the meter face so that the meter
needle coincides with the zero on the conductivity
scale.

2. Calibrate the meter by turning the MODE control to
REDLINE and adjusting the REDLINE control so the meter
needle lines up vith the redline on the meter face.
If this cannot be accomplished, replace the batteries.

3. Plug the probe into the probe jack on the side of
the instrument.

4. Put the probe in the solution to be measured. (See
Probe Use.)

Temperature

Set the NODE control to TEMPERATURE. Allow time for
the probe temperature to come to equilibrium vith that
of the water before reading. Read the temperature on
the bottom scale of the meter in degrees Celsius.

Conductivity

1. Switch to X100. If the reading is below SO on the
0-500 range (S.O on the 0-50 mS/m range), switch to
X10. If the reading is still below SO (S.O mS/m) .
switch to the XI scale. Read the meter scale and
multiply the reading appropriately. The answer is ex-
pressed in micromhos/cm (mS/m) . Measurements are not
temperature compensated.

Example
Meter Reading:
Scale:
Answer:

247 (24.7 mS/m)
XI0
2470 micromhos/cm (247.0 mS/m)

3. It th« reading is in range, switch to SALINITY and
read salinity on the red 0-40 ppt meter scale.

4. Depress the CELL TEST button. The fall in meter
reading should be less than 2V if it is greater, the
probe is fouled and the measurement is in error. Clean
th« probe and re-measure.

Error

The maximum error in a reading can be calculated by
using the graphs in the following sections.

Temperature Error

The temperature scale is designed to give the minimum
salinity error when temperature readings are used to
compensate salinity measurements.

Figure 1 shows total error for probe and instrument
versus °C meter reading.

ERROR

Example:
Meter Reading:
Total Irror:
Accuracy:

15°C
0.4°C
1S°C +0.4°C for probe and instrument
combined.

Conductivity Error

Figure 2 shows the worst-case conductivity error as a
function of the conductivity reading for the probe and
instrument combined.

2. Vhen Measuring on' the X100 and X10 scales, depress ,
the CELL TEST button. The meter reading should fall
less than 2%; if greater, the probe is fouled and the
measurement is in error. Clean the probe and re- '
measure.

*> of ,
NOTE: The CELL TEST does not function on the XI scale. READING

» i

Salinity
i

1. Deternine the sample temperature and adjust the
temperature dial to that value.

2. Switch to xlOO. If the reading is above SOO
micromho/cm (SO mS/m), the salinity value is beyond the
measurement range.

Example
Meter Reading:
Scale:
* Reading Error:
Accuracy:

micromhos/cm x SCALE
M M

mS/m x SCALE

FICUXI 2

3(0 micromhos/cm (36 mS/m)
X10
+ 4.5%
3(00 +162 micromhos/cm (3(0 +1.6.2
mS/m) for probe and instrument ~



Salinity Error CI1CUXT DESCRIPTION

The salinity readings art a function of temperature and
conductivity, therefore the accuracy if a function of
both.

The temperature scale and temperature control have been
designed to minimize the temperature error contribution
to the salinity error. The error shown in Figure 3 is
the total of the tcsjperature and conductivity probe,
the temperature scale and the salinity scale error.

+* of
READING

ppt SALINITY HEADING

ricuu 3

Example
Meter Reading: 10 ppt, • 10°C
H of Reading Error: (.5%
Accuracy: 10 ppt +0.65 ppt for all errors,

combined worst case.

The circuit is composed of two parts; a multivibrator
and switching transistors. The multivibrator produces
a square waveform voltage. The square wive is applied
to two switching transistors. They alternately apply
two batteries of opposite polarity to the probe thui
providing AC power which minimizes polarization ef-
fects. The meter is in series with one battery and
measures the current from it. The current (roo the
battery is proportional to the conductance of the cell.
Salinity is measured in a special range conductivity
circuit which includes a user-adjusted temperature
compensator. In the temperature, redline and XI posi-
tions, the multivibrator operates at lOOHz. In the
salinity. X100 and X10 positions the multivibrator
operates at (OOlz; in these ranges, pushing the CELL
TEST button drops the frequency to lOOUz, allowing the
operator to test for probe polarization.

INSTROKOT HAIHTXNAJICE

The only maintenance required is battery replacement.
Two "D" size alkaline flashlight cells, such as Ever-
eady E95 or equivalent, will provide 200 hrs. of opera-
tion. Accuracy will not be maintained if zinc-carbc .
"D" cells are used. Battery replacement is indicts
when the redline adjustment cannot be accomplishe

Replace batteries every six months to reduce the
of corrosion due to leaky batteries. To replac
teries, remove the screws froa the rear' cover.
battery holders are color coded. The positive end a.
go on red.

O« 0s Oa O» O» O*
•c

NOTES: '
Resistance values in ohms. K • 1,000. Resistors
are 1/2 V, lot, unless otherwise specified.

Battery is D size, alkaline only. Eveready E-95
or equivnlent.

This schematic is representative and
may be slightly different from the
circuit in your instrument.

YSI HODEL 33 AND 33M SCHEMATIC



IKCJLLIBUTIOM

Recalibration should be don* at th* factory. It
emergency recalibration i» necessary, however, one of
•be procedures described below »ay be attempted.

..' Use this Method if the temperature knob has become
loose or slipped from its normal position.

a. Read the temperature and conductivity of a simple.
Determine the salinity of the solution by running a
line vertically on the Calibration Graph from this
conductance value until it intersects the appropriate
°C line (interpolate at required for temperature be-
tween the given °C lines). from this intersection
extend a line horizontally to the edge of the graph to

read the salinity for this sanple.

Example: 25.000 micromhos/cm (2.iOO n$/m) and 20°C
gives a salinity of 17 ppt.

b. Remove the temperature knob, switch to SALINITY. »na
turn the conrol shaft until the meter needle indicates
the salinity value determined in Step a. In the ex-
ample given, the value is 17.

c. Switch to TEMPERATURE and note the reading. This
reading must be the same as Step in a; if it is not.
begin again. Replace the knob (without turning the
control shaft) with the pointer at the same tea
perature as the meter reading and tighten both set
screws securely.

17



2. You may use the resistor and capacitor hookup shown
'; in the sketch to substitute for the probe in the fol-
lowing recalibration procedure.

a. Set the instrument tor a salinity measurement as
normal.

b. Substitutn a 1000 microfarad capacitor and 112.7
ohm 0.1* tolerance resistor for the probe.

Connect the resistor and capacitor between the green
wire and red wire on the jack connections inside the
instrument.

vw
GREEN WIRE

RED WIRE

o—

1000 tit
.IX

c. Turn the temperature dial until the meter reads
redline.

d. Reinstall the temperature knob with the arrow at

This is a temporary calibration only. Return the in-
strument to the factory for proper recalibration.

YSI 3300 SERIES CONDUCTIVITY/TEMPERATURE PROBES

Description

These probes are designed and constructed for rugged,
accurate service in field use. The conductivity cell
constant is J.O/cm (500.0/m) +2%. Each probe contains
a precision YSI thermistor temperature sensor of +0.1°C
accuracy at 0°C and ±0.3°C at 40°C. Tbe low capaci-
tance cable assembly terminates in a three terminal
0.25" dia. phone plug.

The 3310 hat a 10 foot cable and the 3311 a 50 foot
cable. Other lengths are available on special order.

The probe h«s a rigid P.V.C. body, platinized pure
nickel electrodes, and a rugged cable.

Cleaning and Storage

Cleaning

vhen the cell test indicates low readings the probable
cause is dirty electrodes. Hard water deposits, oils
and organic natter are the most likely contaminants.

For conveninnt normal cleaning soak the electrodes
for 5 minutes with a locally available bathroom tile
cleaning preparation such as Dow Chemical "Bathroom
and Chrome Cleaner." Johnson Wax "Envy. Instant Clean-
er." or Lysoll Brand "Basin. Tub. Tile Cleaner."

For stronger cleaning a 5 minute soak in a solution
•*de of 10 parts distilled water, 10 parts isopropyl
al'.-ho] and I part HC1 can be used.

| Always rinse the probe thoroughly in tap water, then in
distilled or deionized water after cleaning and before
storage.

CAUTION: Do not touch the electrodes inside the probe.
Platinum black is soft and can be scraped off.

If cleaning does not restore the probe performance,
replatinizing is required.

Storage

It is best to store conductivity cells in deionized
water. Cells stored in water require less frequent
platinization. Any cell that has been stored dry
should be soaked in deionized water for 24 hours before
use.

Replatinization

1. Clean tht probe.

2. Place the cell in a 50 83l (approximate) jar or
beaker and add enough YSI 3140 Platinizing Solution to
cover the electrodes. Do not cover the top of the
probe.

3. Plug the probe into the Model 33 or 33H, switch to
the X100 scale to platinize the electrodes. Hove the
probe slightly to obtain the highest meter reading and
continue platinizing for the approximate time shown
below:

Meter Reading
micromhos/cm mS/i

30.000
25.000
20.000
15,000
10.000

3.000
2.500
2,000
1,500
1,000

Time in
minutes

5
6
8

11
16

4. After the elapsed time, remove the probe and rinse
in tap water, then in distilled or deionized water.

5. Return the solution to its container. 2 oz. of
solution should be sufficient for 50 treatments.

Probe Use and Precautions

1. Obstructions near the probe can disturb readings.
At least two inches of clearance must be allowed froa
non-metallic underwater objects. Metallic objects
such as piers or weights should be kept at least 6
inches from the probe.

2. Weights are attached to the cable of the YSI 3310
and 3311 Probes. The YSI 3327 Weights are supplied in
pairs with a total weight of 4 ounces per pair. Should
it become necessary to add more weight to rcome
water currents, we suggest limiting the tot* eight
to two pounds (> pairs). For weights in excess .£ two
pounds use an independent suspension cable. In either
case, weights must be kept at least 6 inches away from
the probe.

3. Gentle agitation by raising and lowering the probe
several times during a measurement insures flow of
specimen solution through the probe and improves the
time response of the temperature sensor.

Conductivity and Salinity Corrections for Long Cables

The additional length of wire in long cables adds
capacitance and resistance which will effect readings.
The recommended way to correct for these influences is
by use of YSI Conductivity Calibrator Solutions (see
below), which will permit an estimate of correction
factors. If these solutions are not available, the
following tables can be used for the correction of
errors caused by cable resistance and capacitance on
special length versions of the 3310. 3311. S-17933 and
S-16120 probes.



TABiE I: CONDUCTIVITY CORRECTIONS (IN % OF READING)

Cable Ltogth in Feet

Range uaho/cm 10 50 100 200 300 500 1000

Indicated
Conductivity

xl 100 -1.0 -5.0 NR NR NR NR NR
xl 500 -0.2 -1.0 -2.0 -4.0 -(.0 NR NR
xlO* 500 -1.2 -(.0 NR NR NR NR NR
XlO 1000 -0.6 -3.0 -(.0 NR NR NR NR
xlO 5000 -0.1 -0.5 -1.0 -2.0 -3.0 -5.0 NR
XlOO 10000 -0.06 -0.3 -0.( -1.2 -1.8 -3.0 -(.0
xlOO 50000 -0.01 -0.05 -0.1 -0.2 -0.3 -0.5 -1.0

• Thi* row indicate* th* effect of th* chang* from 100
is to (00 It when th* instrument it switched to th* xlO
rang*.

VI r*pre««nt* conductivity level* which we do not
recomaend for probe* with the indicated cable length*.

„

for use.

Part Number

YSI 31(0
YSI 31(1

YSX 31(2
YSI 31(3

YSI 31(4
YSI 31(5

YSI 31(7
YSI 31(8
YSI 31(9

Size

Gallon
Quart

Gallon
Quart

Gallon
Quart

8 Pints
8 Pints
8 Pints

electrode fouling, replatiaization, or by •cchinicil
•bock. « cell and meter can be calibrated together, as
a system, with YSI 31(0-31(9 Conductivity Calibrator
Solution*.

YSI Conductivity Calibrator Solution* are supplied with
a full technical diicunion and detailed instruction*

Conductivity at 25.00 degrees C

1000 micrombo/cm +0.50%
1000 micromho/ca +0.50%

10,000 micromho/cm +0.25%
10,000 micrombo/cm +0.25%

100.000 Bicroaho/CB +0.25%
100.MO micrombo/cm +0.25%

Indicated
Temperature

10
20
30
40
50

10

Cable Length in Feet

50 100 200 300 500 1000

NONE HONE NONE NONE +0.1 +0.2 40.4
NONE NONE NONE +0.1 +0.2 +0.3 +0.6
NONE
NONE
NONE
NONE

NONE
NONE
+0.1
+0.2

+0.1
+0.1
+0.2
+0.3

+0.2
+0.3
+0.4
+0.6

+0.3
+0.4
+0.7
+1.0

+0.5
+0.7
+1.1
+1.5

+1.0
+1.4
+2.2
+3.1

NONE indicate* that the correction* are lei* than 0.1°C.

TABLE III: SALINITY CORRECTIONS IN PARTS PER THOUSAND

Temperature
Setting

0
10
20
30
40
50

NOTES:

% Conductivity Correction, from Tabl. I

-1

-0.1
NONE
NONE
NONE
NONE
NONE

-5

-0.5
-0.4
-0.3
-0.25
-0.2
-0.12

-10

-1.0
-O.I
-O.t
-0.5
-0.4
-0.25

1. Conductivity corrections should be made from Table
1. or by interpolation of the table.

2. Salinity corrections require determination of con-
ductivity, hence conductivity correction, and the set-
ting of corrected temperature readings prior to sal-
inity measurement*.

3. Dae of these corrections should increase the error
band for measurement* by less than 10%.

4. If your measurement conditions are such that a 2% or
greater conductivity correction is required, the cell
test feature will not properly indicate a defective
probe.

Cell Calibration and Standard Solutions

The cell constant of a conductivity cell may vary
slightly with the conductivity of the solution being
measured. Cell calibration may also be affected by

_._; iAeroBbo/CB +1*
10,«M micrombo/cm +1%
50.04* micromho/cm +1%

Direction* for calibration at temperature* other than
25°C are included with th* Conductivity Calibrator
Solution*.

In calculating tb* cell constant in absolute
terms, th* uncertainty of the aeter calibration Bust
be added to the tolerance of the Conductivity Calibra-
tor Solution.

YSI MODEL 33 AND 33H OSED ¥ITH YSI 51A. 54. 57 AND 58
OXYGEN Errns

If the salinity measurement is to be used for salinity
correction on the 51A, the reading should be converted
to Chlorosity. The formula i»:

PPM Chlorosity • [(Salinity ppt -0.03) /(I.8)] x 101

For these instruaent* the 0.03 can be neglected so the
equation simplifies to:

PPM/C1 • (salinity in ppt x 103) /1.8

For salinity correction when using the Kodel 57 or 58,
us* th* salinity reading direct from the Kodel •' or
33K. No conversion is necessary.

Kodel 33 and 33H salinity readings taken in conjv
with Model 54 dissolved oxygen readings can be o
correct the Kodel 54 for salinity and to a»>.- ..>•_.>;-
measurement salinity corrections to dissolved oxygen
data. Correction tables are available from the factory.

WARRANTY

All YSI products carry a one-year warranty on workman-
ship and parts, exclusive of batteries. Damage through
accident, misuse, or tampering will be repaired at. a
nominal charge.

If you are experiencing difficulty with any YSI product,
it may be returned to an authorized YSI dealer for
repair, even if the warranty has expired. If you need
factory assistance for any reason, contact:

Product Service Department
Yellow Springs Instrument Co.. Inc.
1725 Brannum Lane
P.O. Box 279
Yellow Spring*, Ohio 45387. U.S.A.
Phone: (513) 7(7-7241 (800) 343-HELP

YSI Scientific
Yellow Springs. Ohio 4 VW7 USA • Phone < IJ 767-7241 • 800 J4J-HEIP

Item 021470 Part Number A03309 N EP 8/67
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>;AMPLt CUSTODY ?ROCEDURES

It Is U.S. EPA and Region V policy to follow the U.S. EPA Region V sample
custody or chain of custody protocols «s described in *N£IC Policies and /
Procedures," EPA-330/9-78-D01-R, revised June 1985. This custody is in
three parts: sample collection, laboratory, »nd final evidence files.
Final evidence files, Including all originals of laboratory reports and
purge files, are maintained under document control in a secure area.

A sarvle or evidence file 1s under jrour custody U the documents

* tre in your possession;

* are in your vie*, after beiny in your possession; '"-

* were in your possess ion and you placed them in a secured location; or

•'are in a designated secure area.

FIELD SPECIFIC CUSTODY PROCEDURES

The san;:le packag ing and shipment procedures summarized below will Insure
mat tn«? sables wil l arr ive at the laboratory with the chain of custody
in:a:t.

Fielc procedures are as follows:

(a; Trie field sampler 1s personally responsible for the care md
custody of the samples until they are transferred or properly
dispatched. As few people as possible should handle the samples.

(b) All bottles will be tagged with sample numbers and locations.
Tne Sanple Management Office (SMO) number and stickers will be
affixed.

(c) Sample tags are to be completed for each sample using waterproof
Ink unless prohibited by weather conditions. For example, a .
logbook notation would explain that a pencil was used to fill
Out the sample tag because the ballpoint would not function in
freezing weather.

(d) The contractor's site manager »ust review all field ictlvltfes to
determine whether proper custody procedures were followed during
the field work and decide 1f additional samples are required. He
or she should notify the U.S. EPA Remedial Project PUnager of •
breach or 1rre§j1arity 1n chain of custody procedures.
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Transfer of custody and shipment procedures are as follows:

(a) Samples are accounted by a properly completed chain of custody
form. The sample numbers and locations will be listed on the chain
of custody form. When transferring the possession of samples, the
Individuals relinquishing and receiving will sign, date, and note
the time on the record. This record documents transfer of custody
of samples from the sampler to another person, to a mobile laboratory.
to the permanent laboratory, or to/from a secure storage area.

(o) Samples will .be properly packaged for shipment «nd dispatched to
the Appropriate laboratory for analysis, with a separate signed
custody record enclosed 1n tach sample box' or cooler. Shipping
containers will be locked and secured with strapping tape and E?&
custody seals for shipment to the laboratory. The preferred procedure
Includes use of a custody seal attached to the front right and
back 'left of the cooler. The custody seals are covered with clear
plastic tape. The cooler 1s strapped shut with strapping tape 1n
at least two locations.

(c) Whenever samples are split with a source or government agency, a
separate Sample Receipt 1s prepared for those samples and marked
to indicate with whom the samples are being split. The person
relinquishing the samples to the facility or agency should request
the representative's signature acknowledging sample receipt. If
the representative 1s unavailable or refuses, this 1s noted in the
"received by" space.

(C) All shipments will be accompanied by the Chain of Custody Record
Identifying the contents. The original record will accompany the
shipment, and the pink and yellow copies will be retained by the
sampler for return to the sampling office.

(e) If the samples are sent by common carrier, a bill of lading should
be used. Receipts of bills of lading will be retained as part of
the permanent documentation. If sent by nail, the package will be
registered with return receipt requested. Commercial carriers .are
not required to sign off on the custody form as long as the custody
forms are sealed Inside the sample cooler and the custody seals

. remain Intact.
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LABORATORY CUSTODY EfiDCEDURES

a. CONTRACT LABORATORY

The chain of custody procedures for Contract Laboratory Program
(CLP) are described In the SOWs for RASs. This tame custody procedure
applies to SASs. These custody procedures along with the holding
time requirements for CLP samples are described In the appropriate
SOw documents.

CENTRAL REGIONAL LABORATORY CHAIN OF CUSTODY

The Central Regional Laboratory has Its own regional custody
scheme for Drinking Water Specific Samples.

There are four possible ways 1n which the CRL may be Involved in
chain of custody sample tracking:

A. Samples are delivered to the CRL for 1n-house analysis.

B. Samples are delivered to the CRL. Some are sent out to a
contractor and some remain at the CRL, or the samples are sent
to several contract laboratories.

C. Samples are delivered to the CRL and the entire shipment is
sent to one contract laboratory.

D. Samples are shipped directly from the field to a contract
laboratory without ever being delivered to the CRL.

The Internal CRL Custody Protocol has been revised so that 1t
addresses all four of these situations and also meets all National
EPA custody requirements. Moreover, the revised protocol requires
only one new Internal document - the Custody Logbook. This logbook
replaces the existing Shipping and Receiving Log. The new procedure 1s
applied to the four custody situations as follows.
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A. In-House Analysis
\

Samples are shipped or delivered to the CRL under chain of
custody. The CRL Sample Custodian signs the Chain of Custody Record
(see Figure 4-1) 1n the "Received by" space. The Sample Custodian
also signs In the "Received for Laboratory by" space. This document 1s
then complete. It Is filed In the folder for the given data set.

The Sample Custodian then enters the following sample 1nfor-
mat ion into the Custody Logbook (see figure.4-2).

1, 2, 3 - Self-explanatory.

4 - "Matrix" refers to a brief sample description, such as
•water," "oil," "mud," etc. Parameter 1s self-
explanatory.

5 • Self-explanatory.

6,7,8 - The Sample Custodian Initials the date (month/day/year)
and the time when samples were received. Time is
expressed usinq a 24-hour clock, so tnat 1:30 P.M. 1s
recorded as 13:30.

9 - Each shelf 1n all custody areas should be numbered, so
that the storage location can be identified by the
shelf number. This number 1s entered 1n column 9.

When an analyst checks out a sample, columns 10 thru 13 are
completed.

10 • The Sample Custodian Initials the correct column.

11 - The analyst Initials the correct column.

12, 13 • The Sample Custodian enters the date and time.

When a sample 1s transferred from one analyst to another
within the CRL, both analysts Initial the back of the custody tag.
They also enter the date and time.

e.g.,: AJ to DM, 9/12/82, 15:30

(It is not necessary to return the sample to the person who
originally checked 1t out of custody.)
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. When the analyses are completed, the 3fl.ilysi returns t:ie sample, to
the Sample Custodian. They both fill 1n columns 14 thru 18.

14, 15, 16, 17 - Self-explanatory. ' «

18. • The Sample Custodian stores the sample 1n a
custody area. The location 1s entered 1n column
18. This Is probably not the same as the original
location listed 1n column 9.

When samples are discarded, columns 19 and 20 are filled
n. The tags are removed from the sample bottles and are filed 1n
he folder for that data set. TAGS ARE NEVER DISCARDED.

Any appropriate Information, Including Initials, 1s
entered in column 21.

e.g., : 'Sample was broken. 10/1/82, AJ"
"Sample was used up. 10/1/82, AJ"
•Insufficient sample. 10/1/82. AJ"

Even if a sample 1s destroyed, the tag must be returned
to the custody folder. An explanation should be written on the
tag and in the Custody Logbook.

B. Sample Shipments With Several Destinations

Samples are shipped to the CRL under chain of custody. The CRL
Sample Custodian receives the shipment as described in Section A. The
Custodian opens the sealed container, logs in all of the samples, and
then repacks those samples which will be sent to a contract laboratory.
The Custodian fills out new custody forms and includes them with the
shipment as described 1n the Environmental Services Division (ESD) or
National Contract Laboratory Protocols.

The Sample Custodian logs all of the samples Into the
Custody Logbook. The procedure 1s the same as described in Section
A, with the following exceptions.

9 - Ho entrj' here.

10 » The Sample Custodian Initials here.

11 - The Sample Custodian enters the name of the
laboratory to which the samples were shipped.

14 thru 20 - These columns are used only if the contract
laboratory returns the samples.

21 - The Sample Custodian enters the shipper and the
airbill number.

e.g.,: "Emery, 19011625"
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C. Entire Sample Shipment Sent to One Destination

Samples are shipped to the CRL under chain of custody. The
CRL Sample Custodian receives the samples. The Custodian signs the
chain of custody record 1n the "Received by" space. The Custodian logs
1n the samples and then packs them for shipment and Includes original
the chain of custody record with the samples. The custodian does not
sign the "Received for Laboratory by" space (see Figure 4-3).

The Sample Custodian logs all of the samples Into the
Custody Logbook as described In Section B.

D. Samples Shipped From the Field to Contract Laboratories

When samples are shipped directly from the field to a
contract laboratory, no one at the CRL signs the chain of custody
Record.

The sampling team submits a report to the CRL describing
their sampling activities. The Sample Custodian enters that
information into the Custody Logbook as follows:

I thru 4 - Self-explanatory.

5 - Tag numbers may not be available 1n the field
report.

6 thru 9 - Not applicable.

10 - The Sample Custodian enters "field."

II - The Sample Custodian enters the name of the labora-
tory to which the samples were sent.

12, 13 - Shipping date and time are entered, 1f available.

14 thr 20 - These columns are used only 1f the samples are sent to
the CRL by the contract laboratory.

21 - Shipper, airbill number, and any other comments are
entered here.

The purge files from the Contract Laboratory Program (CLP)
are maintained by Region V CRL Laboratory Support Team, Data
Coordinator, and CPMS.

FIT maintains the SI files along with all relevant records,
PA/SI reports, safety reports, logs, field notebooks, pictures,
subcontractor reports, and CPMS data reviews for the specific site
held 1n a secured, limited access area and under custody of the
F1T-DCC.
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FINAL EVIDENCE FILES CUSTODY PROCEDURES

The final evidence files from the CRl and Contract Laboratory Program (CLP)
•re maintained by Region V CRL Laboratory Support Team, Data Coordinator.

•

The contractor maintains the RI files along with all relevant records.
reports, logs, field notebooks, pictures, subcontractor reports and CP
data reviews in a secured, limited access area and under custody of the
contractor's $Ue manager.
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5. A 10- to 20-mlnute stabilization period may be required because the carrier gas flow Is tem-
porarily Interrupted when the septum Is changed.

15.1.6.8 Troubleshooting

A list of common troubleshooting techniques for the Photovac 10A10 Is provided In Exhibit 15-3.

15.1.7 Region-Specific Variances

No region-specific variances have been Identified; however, all future variances will be incorporated In
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus,
users should contact the regional EPA RPM for full details on current regional practices and requirements.

15.1.8 Information Sources

Morgan, L Proposed Guidelines for Photovac 10A10 for the Surveillance and Analysis Division. U.S.
Environmental Protection Agency. 1983.

Pho'tovac Incorporated. Photovac 10A10 Operating Manual.

15.2 HNUPI-101

15.2.1 Purpose

Subsection 15.2 discusses the use, maintenance, and calibration of the HNU PI-101.

15.2.2 Definitions

None.

15.2.3 Theory and Limitations

15.2.3.1 Theory

The HNU Is a portable, nonspecific, vapor / gas detector employing the principle of photolonization to
detect a variety of chemical compounds, both organic and Inorganic.

The HNU contains an ultraviolet (UV) light source within its sensor chamber. Ambient air is drawn into
the chamber with the aid of a small fan. If the ionization potential (IP) of any molecule present in the am-
bient air Is equal to or lower than the energy of the UV light source, Ionization will take place, causing a
deflection in the meter. Response time is approximately 90 percent at 3 seconds. The meter reading is ex-
pressed In parts per million (ppm). All readings must be stated as equivalent readings that depend on the
calibration gas being used. For example, the standard gas used to calibrate the HNU is benzene, which al-
lows the instrument to provide results In benzene equivalence. Exhibit 15-4, modified from the "Instruction
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Manual for Model PI-J01 Photolonization Analyzer" HNU Systems Inc., 1975, lists the relative sensitivities for
various gases.

15.2.3.2 Limitations

1. If the IP of a chemical contaminant Is greater than the UV light source, this chemical will not
be recorded. Some contaminants cannot be determined by any sensor / probes.

2. It should be noted, specifically, that the HNU will not detect methane.

3. During cold weather, condensation may form on the UV light source window, resulting in er-
roneous results.

4. Instrument readings can be affected by humidity and powerlines, making it difficult to inter-
pret readings.

5. Total concentrations are relative to the calibration gas (usually benzene) used.Therefore,
true contaminants and their quantities cannot be Identified. Also, while the instrument scale
reads 0 to 2,000 ppm, response is linear (to benzene) from 0 to about 600 ppm. Greater con-
centrations may be "read" at a higher or lower level than the true value.

6. Wind speeds of greater than 3 miles an hour may affect fan speed and readings, depending
on the position of the probe relative to wind direction.

15.2.4 Applicability

This procedure Is applicable to HNU PI-101 Instruments used for air monitoring.

15.2.5 Responsibilities

The SM is responsible for monitoring the Implementation of these procedures.

15.2.6 Records

Training records, maintenance records, and calibration records will be generated and maintained by
the responsible organization. The maintenance, calibration, and results obtained in the field will be
recorded in the site logbook.

15.2.7 Procedure

15.2.7.1 Maintenance and Calibration Responsibilities

The instrument user is responsible for properly calibrating and operating the Instrument. When the in-
strument is scheduled for or requires maintenance, these functions should be conducted only by qualified
individuals. If possible, maintenance responsibilities should be restricted to one or two individuals who will
also bear responsibilities for logging the equipment in and out. Documentation of instrument user, dates of
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Exhibit 15-4
RELATIVE SENSITIVITIES FOR VARIOUS GASES

(10.2 eV Lamp)

Species

Photolonization

Sensitivity*

P-xylene

M-xylene

Benzene

Toluene

Diethyl sulflde

Diethyl amlne

Styrene

Trichloroethylene

Carbon disulflde

Isobutylene

Acetone

Tetrahydrofuran

Methyl ethyl ketone

Methyl Isobutyl ketone

Cyclohexanone

Naptha (86% aromatics)

Vinyl chloride

Methyl isocyanate

Iodine

Methyl mercaptan

Dimethyl sulflde

AJIyl alcohol

Propylene

Mineral spirits

2,3-D Ichloropropene

Cyclohexene

Crotonaldehyde

Acrolein

Pyrldlne

Hydrogen sulfide

Ethylene dibromlde

N-octane

Acetaldehyde Oxime

11.4

11.2

10.0 (reference standard)

10.0

10.0

9.9
9.7

8.9

7.1

7.0

6.3

6.0

5.7

5.7

5.1

5.0

5.0

4.5

4.5

4.3

4.3

4.2

4.0

4.0

4.0

3.4

3.1

3.1

3.0

2.8

2.7

2.5

2.3
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Exhibit 15-4
(continued)

Species

Photolonlztlon

Sensitivity*

Hexane

Phosphlne

Heptane

Ally! chloride

(3-chloropropene)

Ethylene

Ethylene oxide

Acetic anhydride

Alpha pinene

Dibromochloropropane

Epichlorohydrin

Nitric oxide

Beta pinene • •

Citral

Ammonia

Acetic Acid

Nitrogen dioxide

Methane

Acetylene

Ethylene

2.2
2.0
1.7

1.5

1.0

1.0

1.0

.0.7

0.7

0.7

0.6

0.5

0.5

0.3

0.1

0.02

0.0

0.0

0.0

* Expressed in ppm (v/v).

Source: Instruction Manual for Model PI-101

Photoionization Analyzer, HNU Systems, Inc., 1975.
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use, instrument Identification number, maintenance and calibration functions, and project identification
should be maintained.

15.2.7.2: Operator Qualifications

The HNU, although a relatively simple Instrument to use, can be Incorrectly operated if the user-is not
thoroughly familiar with Its operation. An appropriate training and certification procedure must be
developed and Incorporated Into the responsible organization's training procedures. The users must com-
plete the training and be certified for HNU operation before using the instrument in the field. Refresher
courses should be obligatory every 6 months. Courses are given by the manufacturer, by commercial en-
tities, and by EPA at their Cincinnati, Ohio, and Edison, New Jersey, facilities.

15.2.7.3 Startup / Shutdown Procedures

Startup

1. Check the FUNCTION switch on the control panel to make sure it is In the OFF position. At-
tach the probe to the readout unit. Match the alignment key, and twist the connector clock-
wise until a distinct locking Is felt.

2. Turn the FUNCTION switch to the BATTERY CHECK position. Check that the Indicator
reads within or beyond the green battery arc on the scale plate. If the Indicator is below the
green arc, or if the red LED comes on, the battery must be charged before using.

3. To zero the Instrument, turn the FUNCTION switch to the STANDBY position and rotate the
ZERO POTENTIOMETER until the meter reads zero. Wait 15 to 20 seconds to confirm that the
zero adjustment is stable. If it is not, then readjust.

4. Check to see that the SPAN POTENTIOMETER is set at the appropriate setting for the
probe being used (5.0 for 9.5 eV probe, 9.8 for 10.2 eV, and 5.0 for 11.7 eV).

5. Set the FUNCTION switch to the desired ppm range. A violet glow from the UV lamp
source should be observable at the sample inlet of the probe / sensor unit. (Do not look direct-
ly at the glow, since eye damage could result.)

6. Listen for the fan operation to verify fan function.

7. Check instrument with an organic point source, such as a "magic marker," before survey to
verify instrument function.

Shutdown

1. Turn FUNCTION switch to OFF.

2. Disconnect the probe connector.

3. Place the instrument on the charger.
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15.2.7.4 Maintenance and Calibration Schedule

Function Frequency

• Perform routine calibration Prior to each use*

• Initiate factory checkout and calibration Yearly or when malfunctioning or after changing
UV light source

• Wipe down readout unit After each use

• Clean UV light source window Every month or as use and site conditions dictate

• Clean the ionlzatlon chamber Monthly

• Recharge battery After each use.

During extended field use, the HNU PM01 must be calibrated at least onc« every three days.

15.2.7.5 Calibration Procedure No. 1

For HNU calibration canisters without regulators:

1. Run through startup procedures as in Subsection 15.2.7.3.

2. Fill a sampling bag with HNU calibration gas of known contents.

3. Connect HNU probe to sampling bag by using flexible tubing. .

4. Allow sample bag contents to be drawn into the probe, and check response In ppm.

5. Adjust the span potentiometer to produce the concentration listed on the span gas
cylinder.This procedure shall be followed only until the span potentiometer reaches the follow-
ing limits:

Maximum
Initial Span Acceptance Span

Probe Pot. Setting Pot Setting

9.5 eV 5.0 1.0
10.2eV 9.8 8.5
11.7eV 5.0 2.0

6. If these limits are exceeded, the instruments must be returned for maintenance and
recallbration. This maintenance will be done only by qualified individuals.

7. Each responsible organization must develop a mechanism for the documentation of calibra-
tion results. This documentation includes the following:

15-25



a. Date inspected

b. Person who calibrated the instrument

c. The instrument number (Serial number or other ID number)

d. The results of the calibration (ppm. probe eV, span potentiometer setting)

e. Identification of the calibration gas (source, type, concentration)

15.2.7.6 Calibration Procedure No. 2

For HNU calibration canisters equipped with a regulator:

1. Run through startup procedures as described in Subsection 15.2.6.3.

2. Connect a sampling hose to the regulator outlet and the other end to the sampling probe of
the HNU.

3. Crack the regulator valve.

4. Take a reading after 5 to 10 seconds.

5. Adjust span potentiometer using the steps outlined in step No. 5 of Subsection 15.2.7.5.

6. Calibration documentation should be as In step No. 7 in Subsection 15.2.7.5.

15.2.7.7 Cleaning the UV Light-Source Window

1. Turn the FUNCTION switch to the OFF position, and disconnect the sensor / probe from the
Readout / Control unit

2. Remove the exhaust screw located near the base of the probe. Grasp the end cap in one
hand and the probe shell in the other. Separate the end cap and lamp housing from the shell.

3. Loosen the screws on the top of the end cap, and separate the end cap and ion chamber
from the lamp and lamp housing, taking care that the lamp does not fall out of the lamp hous-
ing.

4. Tilt the lamp housing with one hand over the opening so that the lamp slides out of the
housing into your hand.

5. The lamp window may now be cleaned using lens paper with any of the following com-
pounds:

a. Use HNU Cleaning Compound on all lamps except the 11.7 eV.
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b. Clean the 11.7 eV lamp with a freon or chlorinated organic solvent. Do not use
HNU cleaner, water, or water mlsclble solvents (I.e., acetone and methanol).

6. Following cleaning, reassemble by first sliding the lamp back Into the lamp housing. Place
the Ion chamber on top of the housing, making sure the contacts are properly aligned.

7. Place the end cap on top of the ton chamber, and replace the two screws. Tighten the
screws only enough to seal the O-ring. Do not overtighten.

8. Line up the pins on the base of the lamp housing with pins Inside the probe shell, and slide
the housing assembly Into the shell.lt will fit only one way.

9. Replace the exhaust screw.

15.2.7.8 Cleaning the lonlzatlon Chamber

1. Turn the FUNCTION switch to the OFF position, and disconnect the sensor/probe from the
Readout / Control unit.

2. Remove the exhaust screws located near the base of the probes. Grasp the end cap in one
hand and the probe shell in the other. Separate the end cap and lamp housing from the shell.

3. Loosen the screws on the top of the end cap, and separate the end cap and Ion chamber
from the lamp and lamp housing, taking care that the lamp does not fall out of the lamp hous-
ing.

4. The Ion chamber may now be cleaned according to the following sequence:

a. Clean with methanol using a Q-tlp.

b. Dry gently at 50'C to 60"C for 1/2 hour.

5. Place the Ion chamber on top of the housing, making sure the contacts are properly
aligned.

6. Place the end cap on top of the Ion chamber and replace the two screws. Tighten the
screws only enough to seal the O-ring. Do not overtighten.

7. Line up the pins on the base of the lamp housing with pins inside the probe shell, and slide
the housing assembly into the shell. It will fit only one way.

15.2.7.9 Troubleshooting

The following steps should be performed only by a qualified technician:

1. The meter does not respond in any switch position (including BATT CHK).

a. Meter movement is broken.
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(1) Tip Instrument rapidly from side to side. Meter needle should move freely
arid return to zero.

b. Electrical connection to meter Is broken

(1) Check all wires leading to meter.

(2) Clean the contacts of quick-disconnects.

c. Battery Is completely dead.

(1) Disconnect battery.

(2) Check voltage with a volt-ohm meter.

d. Check 2 mp fuse.

e. If none of the above solves the problem, consult the factory.

2. Meter responds In BATT CHK position, but reads zero or near zero for all others.

a. Power supply Is defective.

(1)Check power supply voltages as shown in Figure 11 of the HNU Instruction
Manual. If any voltage is out of specification, consult the factory.

b. Input transistor or amplifier has failed.

(1) Rotate zero control; meter should deflect up'or down as control is turned.

(2) Open probe. Both transistors should be fully seated in sockets.

c. Input signal connection Is broken In probe or readout.

(1) Check input connector on printed circuit board. The input connector
should be firmly pressed down.

(2) Check components on back of printed circuit board. All connections
should be solid, and no wires should touch any other object.

(3) Check all wires in readout for solid connections.

3. Instrument responds correctly In BATT CHK and STBY but not in measuring mode.

a. Check to see that the light source Is on. Do not look directly at UV light source,
since eye damage could result.

(1) Check high-voltage power supply.
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(2) Open end of probe, remove lamp, and check high voltage on lamp ring.

(3) If high voltage Is present at all above points, light source has probably
failed. Consult the factory.

4. Instrument responds correctly in all positions, but signal Is lower than expected.

a. Check span setting for correct value.

b. Clean window of light source.

c. Double check preparation of standards.

d. Check power supply 180 V output.

e. Check for proper fan operation. Check fan voltage.

f. Rotate span setting. Response should change If span potentiometer is working
properly.

5. Instrument responds In all switch positions, but Is noisy (erratic meter movement).

a. Open circuit In feedback circuit Consult the factory.

b. Open circuit In cable shield or probe shield. Consult the factory.

6. Instrument response is slow and/or Irreproduclble.

a. Fan is operating Improperly. Check fan voltage.

b. Check calibration and operation.

7. The battery indicator Is low.

a. Indicator comes on If battery charge Is low.

b. Indicator also comes on if lonlzatlon voltage Is too high.

15.2.8 Region-Specific Variances

No region-specific variances have been identified; however, all future variances will be incorporated in
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus,
users should contact the regional EPA RPM for full details on current regional practices and requirements.
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15.2.9 Information Sources

HNU Systems, \r\cJnstntctionManualforModelPI-101PhotoionizationAnalyzer. 1975.

Ecology and Environment/"/?" Operation and Field Manual: HNU Systems PI-101 Photoionization Detector
and Century Systems (Foxboro) Model OVA-128 Organic Vapor Analyzer. 1981.

Personal Communication with Fran Connel, HNU Systems, Inc. 4 January 1984.

CH2MHILL Field Surveillance Equipment. 1984.

Rabin, Linda J."Selective Application of Direct-Reading Instruments at Hazardous Waste Sites,"
presented at American Industrial Hygiene Conference, Dallas, Texas. 1986.

15.3 ORGANIC VAPOR ANALYZER (OVA-128)

15.3.1 Scope and Purpose

The purpose of this subsection Is to discuss the use, maintenance, and calibration of the OVA-128.

15.3.2 Definitions

None.

15.3.3 Theory and Limitations

15.3.3.1 Theory

The OVA uses the principle of hydrogen flame ionizatlon for the detection and measurement of organic
compounds. The OVA contains a diffusion flame of hydrogen and air that is free of ions and is noncon-
ducting. When a sample of organic maten'al is introduced into the flame, ions are formed, causing the
flame to become conductive. Eventually this conductivity provides a meter reading because of a change in
current

15.3.32 Limitations

1. The OVA will not see any inorganics.

2. The OVA will "see" methane, which is explosive but relatively nontoxic. The user should.
determine if the contaminant involved is or is not methane.

3. DOT shipping regulations are strict for the OVA when shipped containing pressurized
hydrogen.

4. A relative humidity greater than 95 percent will cause inaccurate and unstable responses.
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APPENDIX A-3

WATER LEVEL MEASUREMENTS/WATER SAMPLING

Water level measurement prior to ground water sampling will be

made with the Solinst Model 101 flat tape water level meter.

Equipment for the measurement of pH, specific conductance,

temperature, and field filtration of •̂ grq'urid"'•'•'water... samples

associated with water sampling for the Stoughton City Landfill

site have not been purchased to date. Upon purchase, operation

manuals or instructions for the various meters and apparatus will

be sent to the USEPA and WDNR. These instruments will be

operated in accordance with the manufacturers' specifications.



APPENDIX A-4

AIR SAMPLING

Major sampling equipment associated with air sampling will be

wind direction/wind speed instrumentation and a sampling pump.

Wind speed/direction will be measured using the Weathertronics,

Inc. combination wind speed/direction sensor. This sensor will

be mounted atop a ten-foot portable tower. The attached sheet

lists specifications of the combination wind speed/direction

sensor.

A Gilian Model HFS-113A sampling pump will be utilized to collect

the air sample. This sampling pump features a low flow operating

range required for use during the RI.3



Wind

COMBINATION WIND SPEED/DIRECTION SENSOR

Low cost wind monitoring

Rugged materials

Easy to install

Separate vane and anemometer available

The Model 2132 wind sensor is designed for appli-
cations where accuracy is not critical and cost is a
consideration. This is a combination wind speed and
direction sensor, with a 3-cup anemometer and an
airfoil vane mounted on a common vertical axis. All
major structural components are fabricated from tough
polycarbonate or anodized aluminum. The sensor
includes a mounting collar for simple and direct
mounting to a 3/4-inch (19 mm) O.D. mast (Model
85007). A 50-foot length of signal cable is provided.
Up to 500 feet of cable can be used.

The cup assembly of the anemometer is coupled to
an AC generator transducer. The generator produces
an output voltage which is directly proportional to
wind speed. The measuring range is 0 to 100 mph (0
to 45 m/s) with an accuracy of ±3%. The lightweight
vane is attached to a long-life, conductive plastic
potentiometer. Rotation of the vane moves a precious
metal wiper to produce an output voltage correspon-
ding to the vane position within the 0 to 360° range.

Both the anemometer and the vane can also be
purchased separately for applications that require
measurement of only wind speed or wind direction.
The Model 2612 anemometer and the Model 2134 vane
both include 50 feet of cable and mount directly to a
3/4-inch (19 mm) O.D. mast.

All three of these sensors are excellent for home use,
office or lobby displays, or school weather stations.

ORDERING INFORMATION

Model
2132 Combination Wind Speed and Direction Sensor; includes

50' of 5-conductor flat cable
2132-A Same as 2132 except with 100' of 5-conductor flat cable
2134 Wind Direction Sensor only; includes 50' of 3-conductor

flat cable
2612 Wind Speed Sensor only; includes 50' of 2-conductor flat

cable
85007 Vertical Mast to mount 2132 on Model 8500 tripod tower; 5'

long X 1.5" O.D.; includes reducer to 3/4" O.D.
T600802 Additional 2-conductor flat cable
T600B03 Additional 3-conductor flat cable
T600806 Additional 5-conductor flat cable

NOTE: This instrument was former/y known as Mode( W200-SD in
the WeafherMeasure line.

Weather/measure
WEATHERtronkS

SPECIFICATIONS

Wind Speed:
Sensor
Transducer
Output
Range
Accuracy

3-cup assembly, polycarbonate, 2.7" dia. cups
AC generator
10.70 VAC nominal at 100 mph
0-100 mph (0-45 m/s)
±3%

Wind Direction:
Sensor
Transducer
Range
Accuracy
Input voltage

Materials
Mounting
Cable

Size

Weight/shipping

Counterbalanced airfoil vane
500-ohm plastic potentiometer
0-360°
±5%
5 VDC typical
Anodized aluminum and polycarbonate
Direct to 3/4" (19 mm) O.D. mast
5-conductor flat, SO* (15.2 m) supplied,
500* max.
6.25" H X 16" L (159 X 406 mm), 10.5" (267 mm)
turning radius
1.5 lbs./4 Ibs. tO.7 kg/1.8 kg)
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1.0 INTRODUCTION

This Sampling and Analysis Plan, attached as Appendix F of

Exhibit A for the Consent Decree for the Environmental

Conservation and Chemical Corporation (ECC) site has been

developed and is being submitted in accordance with Exhibit A.

The Sampling and Analysis Plan consists of Part I - Field

Sampling Plan (FSP) and Part II - Quality Assurance Project Plan

(QAPP).

The Field Sampling Plan presented herein guides all field work by

defining the sampling and data-gathering methods to be used for

the ECC Remedial Action in detail. The Field Sampling Plan was

developed in conformance with the USEPA draft document "Guidance

for Conducting Remedial Investigations and Feasibility Studies

Under CERCLA" (RI/FS Guidance) dated March, 1988. Guidelines

developed for the selection and definition of field methods,

sampling procedures, and custody were based on the USEPA document

"Compendium of Superfund Field Operations Methods" (Compendium)

dated December, 1987. Data Quality Objectives (DQOs) were

developed in accordance with USEPA publication "Data Quality

Objectives for Remedial Response Activities" (DQO Guidance) dated

March, 1987.
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2.0 SITE BACKGROUND

2.1 Site Description

The ECC site is located in Boone County, approximately 10 miles

northwest of Indianapolis, on US Highway 41 in Zionsville,

Indiana (Figure 2-1). The site occupies 6.5 acres west of the

Northside Sanitary Landfill (NSL), an operating solid waste

disposal facility. The ECC site is bounded on the south and east

by NSL landfill property. An unnamed ditch separates the two

facilities along the east boundary (Figure 2-2).

ECC began operations at the site in 1977 and was engaged in the

recovery, reclamation, and brokering of primary solvents, oils

and other wastes. Waste products were received in drums and bulk

tankers and prepared for subsequent reclamation or disposal.

Reclamation processes included distillation, evaporation and

fractionation to reclaim solvents and oil.

USEPA investigations into accumulation of contaminated storm

water on-site, improper drum inventory, and several spill

incidents lead to civil law suits, and finally placement of ECC

into receivership in July, 1981. Drum shipments to the site were

halted in February, 1982. Surface cleanup activities conducted

by USEPA contractors during 1983 and 1984 included removal of

cooling pond waters, waste drums, tank waste, contaminated soil,

and cooling pond sludge.
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A Remedial Investigation/Feasibility Study was conducted by CH2M-

Hill for the USEPA and the Record of Decision (ROD) for the site

was published on September 25, 1987.
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3.0 SAMPLING OBJECTIVES

The sampling activities will:

o Detect VOCs migration to the ground water and

surface water; and

o Verify and monitor the effectiveness of the

remediation.

The overall Data Quality Objective (DQO) is to collect high

quality data in sufficient quantity to achieve the highest level

of confidence and, therefore, the lowest level of uncertainty.

The selection of both the sampling and the analytical approaches

for the ECC project was made to achieve this DQO as described in

the following sections.
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4.0 SAMPLE LOCATION AND FREQUENCY

Field investigations will include ground water monitoring, and

surface water sampling.

Where ascertainable, specific sampling locations associated with

each technique are presented in Figure 4-1 along with the

sampling frequency. Detailed procedures for sample collection

for each media are presented in Section 6.0. Major equipment

associated with sample collection are discussed in the

Attachments to Part II of the Quality Assurance Project Plan.

4.1 Ground Water Monitoring

Prior to ground water sampling, each well will be purged a

minimum of three (3) well volumes and until indicator parameters

have stabilized, or to dryness depending upon recovery rates.

Samples from the off-site wells will be collected quarterly

during site soil remediation and analyzed for the parameters in

Table 3-1 of Exhibit A, presented here as Table 4-1. Monitoring

will be continued on a semi-annual basis as specified in Section

2.1.4 of Exhibit A. Hydrologic properties to be evaluated during

this phases of the sampling program include the measurement of

static water levels. Detailed procedures for water level

measurement are described in Section 6.1.2.1.

4.2 Surface Water

Surface water sampling locations are show in Figure 4-1. Surface

water will be analyzed in the field for pH, specific conductance,

and temperature, and will be analyzed for the parameters in Table

4-1 in a Contract Laboratory Program (CLP) Laboratory.
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TABLE 4-1

DATA COLLECTION SUMMARY

GROUND WATER SAMPLING

QA/QC Saaoles (1)

Parameter

o Field

PH
Specific Conductance
Temperature

o Laboratory Organics*
Volatiles
Base Neutrals
Acid Extractables
PCBs

Inorganics *
Metals (Dissolved)
Cyanide

Investigative
Saw les

14
14
14

14
14
14
14

14
14

Replicates

2
2
2

2
2
2
2

2
2

Field
Blank

2
2
2

2
2
2
2

2
2

Natr
Tota

18
18
18

18
18
18
18

18
18

(2)

(1) QA/QC samples are as defined in Appendix C, Part 6 of the USEPA DQO Guidance.

(2) Plus trip blanks collected and analyzed at a frequency of one (1) per shipping container.

(3) Organic and Inorganics listed in Table 7-1 of Appendix E.
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5.0 SAMPLE DESIGNATION

A sample numbering system has been developed for the ECC project.

Each sample will be designated to include the following

sequential information:

o Name of Site - ECC (ECC).

o Sample or Well No. - Sample designations as

follows with appropriate numbers, as

necessary: Field Blank (FB), Field Replicate

(FR) , Trip Blank (TB) , and Background (B) .

Other samples/wells as designated in field.

o Sample Round.

o Sample Matrix, Ground Water (GW), Surface

Water (SW), and Sediment (SD).

For example, for a monitoring well designated MWl in the first

round of ground water sampling, the sampling number would be as

follows: ECC-MW1-1-GW.
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All field samples will be identified with sample identification

labels consisting of gummed paper labels that include the above

sample number and the following additional information:

o Name of collector.

o Affiliation of collector.

o Day and time and collection.

o Analysis request.

o Analysis code.
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6.0 SAMPLING PROCEDURES AND EQUIPMENT

Details procedures for sample collection are presented below

along with a general description of the proposed sampling

equipment. Detailed information pertaining to major equipment

operation, maintenance, and calibration is presented in the

Attachments of Part II - Quality Assurance Project Plan.

6.1 Ground Water Monitoring

This section details standard procedures and includes the design

and installation of monitoring wells and ground water sampling.

6.1.1 Monitoring Well Design & Installation

The ground water monitoring network will consist of fourteen (14)

wells, which will be located on, around the periphery of, and

downgradient from the ECC site. Ten (10) wells will be installed

in the till completed in the saturated zone and four (4) wells

will be completed in the sand and gravel unit underlying the

saturated surface till. The wells will be constructed of 2-inch

PVC. Screen length will vary for well. Total depth for the off-

site wells completed in the till will be 2 feet less the total

depth to the contact between the till underlying sand and gravel.

On-site wells will be screened from one foot above trenches

bottom to 1-2 feet above the contact between the till and

underlying sand and gravel. Wells completed in the sand and

gravel will be screened the total thickness of that sand and

gravel unit. Figures 6-1, 6-2, and 6-3 present schematic



4"x 5' PROTECTIVE
STEEL CASING WITH

CAP AND LOCK
(2.5 FT. ALS AND BLS)

LAND SURFACE

AC
ni

CONCRETE -^

9" ID SCH 40
PVC RISER

CEMENT/BENTONITE (2%)
GROUT

RFNTnMiTF" °;FAI (? ^ FT > .— . •••>DC. IN IU IN ML. OL.ML ^Z 3 r 1.^ — • -w

:IAL
.L

CLEAN SILICA SAND PACK
(MIN. 2 FT. ABOVE SCREEN)

NOMINAL 10" BOREHOLE — -

2" ID SCH.40 PVC
SCREEN .01" SLOT

PLUG —

<&•
*&
V• / /

' / /
f * As J

' / /
' / /

l^/
' / /
' / /
' / /

H

-^

^^^M -D

•?s>l-x f- -*.
( 7 /
' / /
' / /
' / /
' / /
' / /
' / /
' / /
' / /

t
V TO 2' ABOVE NATURAL SAND

1
SAND/GRAVEL

NOT TO SCALE
ECC-TYPICAL MONITORING WELL

CONSTRUCTION DETAIL
OFF-SITE WELL IN GLACIAL TILL

ERM-North Central. Inc.

FIGURE

6-1
3/3/89



4"x 5' PROTECTIVE
STEEL CASING WITH

CAP AND LOCK
(2.5 FT. ALS AND BLS)

AC
ni

1

LAND SURFACE

CONCRETE -^

9" in <ZC.U 4.0
PVC RISER

CEMENT/BENTONITE (2%)
GROUT

RrMTDNITr tPAl ( r> ^ P"T ^ - -•.

:IAL
.L

CLEAN SILICA SAND PACK
(MIN. 2 FT. ABOVE SCREEN)

NOMINAL 10" BOREHOLE -

2" ID SCH.40 PVCr
SCREEN .01" SLOT

PLUG —

yi'V

"v"' x
//

t * 4

' / /

u

-\^ x"SJ

f\^ -*

' S /

f / S

1 
FO

O
T 

A
B

O
V

E
 

-
TR

E
N

C
H

 
B

O
TT

O
M

I

SAND/GRAVEL

NOT TO SCALE ECC-TYPICAL MONITORING WELL
CONSTRUCTION DETAIL

ON-SITE WELL IN GLACIAL TILL

ERM-North Centra]. Inc. 3/3/B9

FIGURE

6-2



MONITORING WELL CONSTRUCTION

L6 T

15

L
L4

L3

L2

L1 •-'•'.'.:.:sly into
natural sands

t

CAP Metal with lock

PROTECTIVE CASING

SURFACE

Metal

SURFACE SEAL Concrete

BOREHOLE DIAMETER 10"

RISER 2" PVC

ANNULUS FILL Cement/Bentonite (2%)

ANNULUS SEAL Bentonite (2-5 ft)
In upper tills

SCREEN ELEV.

SCREEN 2" PVC 0.01 Slot
(Entire depth of sand and grav

FILTER Sand

BACKFILL/SEAL N/A

ECC - Typical Monitoring Well
Construction Detail
Well in Sand 4 Gravel

ERM-Norlh Gen'.

FJCUF

6-3



Environmental Conservation and Chemical Site
Sampling and Analysis Plan

Field Sampling Plan
March 1, 1989

Page: 6-2

diagrams of final well construction for the off-site and on-site

monitoring wells in the till, and the monitoring wells in the

sand and gravel unit, respectively.

The location of the monitoring wells is based on the ground water

elevation contours shown in Figure 6-4.

The following procedures will be used to install the monitoring

wells:

o Wells will be advanced using a nominal six-

inch I.D. hollow stem auger to total depth.

o Soil above the water table in the shallow

water table wells will be logged and sampled

with a two-inch diameter split spoon sampler.

Split spoon samples of the soil below the

water table in the shallow, water table well

will be taken and logged every five feet.

o A single soil sample will be collected from

the screened interval portion of each

monitoring well installed at the site by

using the split spoon sampler with a spring

retainer attachment. This sample will be

analyzed for grain size distribution.
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For the on-site monitoring wells, a soil

sample will be collected at every 2 foot

interval beginning at the 1 foot to 3 foot

interval up to the 9 feet depth using a split

spoon sample. These samples will be analyzed

for organic carbon content using the walkey-

Black chronic acid titration method.

The well screen will be two-inch diameter PVC

with No. 10 (0.010 inch) continuous slot

openings. PVC riser will extend above the

water table and PVC pipe from there to the

surface completion. Screened risers will be

installed in the boring prior to removal of

the augers.

The formation will be allowed to collapse

around the screen and rise to a maximum of 2-

feet above the screen. If the formation does

not collapse or fill the annular space to

this level, clean silica sand will be added.

The sand will be free of silt and of an

appropriate size for the well screen slot

opening.

A minimum of two feet of compressed bentonite

pellets will be placed above the sand pack to

seal the annular space around the casing.
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o The remaining space above the bentonite seal

will be filled with a cement-bentonite grout

placed with a tremie pipe. The grout seal

shall be prepared of an approximate mixture

of one bag of Portland cement, five pounds of

bentonite powder, and ten gallons of water.

o The rise pipe will be fitted with a vented

cap.

o A four-inch diameter protective steel casing

with hinged locking steel cover will be

cemented in place to a depth of 2.5 feet

below the ground surface. The cement will be

sloped away from the casing to promote

drainage away from the well. All equipment

used in construction of the well will be

decontaminated prior to initiation of well

construction. Drilling augers will be steam

cleaned between each boring.

Following installation, monitoring wells will be developed to

provide low-turbidity, representative ground water samples. Well

development will be completed no sooner than 24 hours following

the grouting of the wells. Each well will be developed by

surging and pumping until at least three well volumes have been

removed; the well yields low turbidity water; and consistent

values of pH, conductivity and temperature have been obtained.

Equipment used in well development may include surge blocks,
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bailers, or pumps. Ground water removed during well development

will be collected, stored in containers and handled as

appropriate based on results of chemical analysis.

6.1.2 Ground Water Sampling

Samples from these wells will be collected quarterly during site

soil remediation and analyzed for the parameters in the Table

4.1. Monitoring will be continued on a semi-annual basis as

specified in Section 2.1.4 of Exhibit A.

6.1.2.1 Water Level Measurement

Static water levels will be measured and recorded at each

sampling episode and on a monthly basis during field

investigations. The water level surface will be measured prior

to well development and sampling using a Solinst water level

meter. Before lowering the probe in the well, the batteries will

b€! checked by pressing the test button on the instrument for this

purpose. The probe will be slowly lowered into the well until

contact with the water surface is indicated. The probe will be

withdrawn just above the water surface and a second reading will

be taken prior to withdrawing the electric tape from the well.

The reading will be recorded on the Ground Water Sampling Form.

Each well will have a reference point, indicated on the well

casing, from which water level measurements will be taken. The

reference point elevation on the well will be established by a

survey with respect to US Datum mean sea level elevation to an

accuracy of 0.01 feet for computation of ground water elevation.
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6.1.2.2 Well Depth Measurement

The total depth of the well will be measured and recorded prior

to well development and sampling. A weight tied to a length of

cotton cord will be used to tag the bottom of the well and the

length of cord used will be measured to establish well depth.

6.1.2.3 Well Evacuation

Standing water in the wells will be removed prior to sampling by

purging three (3) well volumes from each well and until

stabilization of temperature, pH, and specific conductance is

achieved. If the well goes dry before three well volumes have

been removed, samples will be taken as soon as the well recovers.

The calculation of well volume will be as follows:

o Measure well casing inside diameter.

o Determine the static water level below the

measuring point.

o Determine the total depth of the well from

the measuring point.

o Calculate the number of linear feet of static

water (total depth of the well minus the

static water level).
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o Calculate the static volume in gallons. The

static volume (well volume) is calculated in

gallons as V - (,r2) (h) (7.48) , where

'IT = 3.14,

r = well radius (ft). and

h = linear feet of static water (ft.).

Dedicated Teflon bailers will be used for purging and sampling

the wells. Purged water will be placed in containers for

subsequent handling based upon results of chemical analysis.

Bailers, ropes, pumps and all equipment shall be decontaminated

prior to insertion into the well.

6.1.2.4 Sample Withdrawal

During sample withdrawal, special care will be taken to avoid

physically altering or chemically contaminating samples.

Sampling will be performed with bottom filling Teflon bailers.

Ground water pH, specific conductance, and temperature will be

determined in the field on secured samples and field filtration

will be performed for metal parameters for ground water samples.

Samples will be collected in the following order:

o Volatile organics in Table 4-1

o Base neutral and acid extractable organics in
Table 4-1

o PCB in Table 4-1

o Inorganics in Table 4-1
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Samples for inorganics in Table 4-1 analysis will be prepared,

preserved, and stored as listed in Table 7-1. One (1) replicate

sample will be obtained for every ten (10) ground water samples

collected.

The objective of ground water sampling for inorganics in Table 4-

1 is to determine the concentration of dissolved inorganic

constituents. Therefore, ground water samples must be filtered

through a non-metallic 0.45 micron membrane immediately after

collection. The first 150 to 200 ml of filtrate will be used to

rinse the filtration apparatus of any contaminants. This

technique minimizes the risk of altering the composition of the

samples by the filtering operation. The filtrate will be

collected in a polyethylene bottle and immediately acidified to

pH <2 using nitric acid.

A maintenance and calibration program will be implements to

ensure that routine calibration and maintenance are performed on

the instruments associated with ground water sampling. The

program will be administered by the field team leader who will

perform routine preventative maintenance (e.g., cleaning or other

procedures identified in the instrument manual) on a weekly basis

and calibration of field instruments on a daily basis.

Calibration, operation, and maintenance of all field instruments

will be documented in the field log book, and all field personnel

will maintain their proficiency. Operating procedures outlined

in the manuals for each respective instrument will be followed.

For pH, pre-calibration will consist of using three (3) buffer

solutions (pH 4, 7, and 10) and calibration verification at

regular intervals (at least once a day). The two pH measurements
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must each be within ± 0.05 standard units of buffer solution

values. The specific conductance meter will be calibrated using

liquids of known specific conductance. Should specific

conductance readings vary by more than 5% from the expected

value, the unit .will be repaired or replaced.

6.2 Surface Water Sampling

The surface water will be monitored by sampling the Unnamed Ditch

just upgradient and just downgradient of the ECC site (Figure 4-

1) . Surface water will be sampled at the same frequency as

ground water and analyzed for the same parameters. Monitoring

will be continued on a semi-annual basis as specified in Section

2.. 1.4 of Exhibit A.
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7.0 SAMPLE HANDLING AND ANALYSIS

The required sample containers, preservation methods, maximum

holding times, and filling instructions for each sample type are

summarized on Table 7-1. Notations of which laboratory will be

performing the analysis of the collected samples are also

indicated on Table 7-1.



Vapor Para»etcrs(1)

Organics in Table 4-1

Ground Water/Surface Water
Parameters

* Volatile Organics

Base Neutral Organics
and Acid Extractable
* Organics

PCBs

* Hetals in Table

Container

Activated Carbon
Cartridge

Cyanides

2 x 40 ml Glass Vials
with Teflon-lined septum

3x1 liter amber glass
bottles with Teflon-lined
cap

2x1 liter amber glass
bottles with Teflon-lined
cap

2 x 500 ml Polyethylene
bottle

1 x 1 liter glass bottle
with Teflon-lined cap

Cool 4°C

Cool 4°C

Cool 4°C

0.45 u Filtration
(Ground Water Only)
HNQ3 to pH<2
Cool 4°C

NaOH to pH>12
Cool 4°C

TABLE 7-1

SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS

Preservation

Cool 4°C

Max in
Holding
Ti»e

7 days

10 days

5 days

5 days

6 months

Fit Una Instructions

Cap cartridge ends

Zero headspace, no air bubbles

Fill to neck of bottle

Fill to neck of bottle

F i l l to neck of bottle

14 days Fill to neck of bottle

Note: All samples w i l l be shipped by overnight carrier to their final laboratory destination under custody.

* Listed in Appendix E Table 7-1.
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8.0 FIELD QUALITY CONTROL SAMPLES

o Field blank samples are defined as samples

which are obtained by running analyte-free

ionized water through sample collection

equipment (bailer, pump, auger, etc.) after

decontamination. These samples must be

collected and analyzed at a frequency of one

per group of 10 or fewer investigative

samples.

o Trip blank samples, which are required for

aqueous volatile organic samples only, are

prepared in the laboratory prior to the

sampling event in actual sample containers

and shipped with empty sample containers to

the field. They are kept capped throughout

the sampling event. When the sampling event

is completed, they are shipped with

investigative samples back to the lab for

analysis. Trip blank samples are collected at

a frequency of one per shipping cooler.


